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EXECUTIVE  SUMMARY 


The  Department  of  Defense  Acquisition  Improvement  Program  Aotion 
Number  7  stresses  the  need  to  reduoe  unit  cost  by  planning  for  and 
maintaining  eoonomioal  rates  of  production.  This  Aotion  oan  be  imple¬ 
mented  if  planning  begins  early  enough  in  a  program  to  influence  the 
many  oontraotor  decisions  that  will  determine  the  eoonomio  production 
rate  (GPR).  As  early  as  the  Demonstration/Validation  Phase,  decisions 
on  production  quanititea  and  production  funds  will  largely  determine 
the  BPR  so  that,  during  the  Production  and  Deployment  Phase,  emphasis 
shifts  to  the  efficient  use  of  the  faotors  of  production.  Early  plan¬ 
ning  should  be  direoted  toward  selecting  a  realist ic,  supportable  level 
of  production  as  veil  .  j  contingency  plans  for  higher  and  lower  produc¬ 
tion  levels.  During  the  Production  and  Deployment  Phase,  the  produc¬ 
tion  rate  should  be  maintained  at  the  predetermined  BPR  in  order  to  make 
the  most  efficient  use  of  the  available  industrial  resources.  If  a 
change  in  production  rate  is  required,  it  should  be  to  one  of  the 
predetermined  production  rate  levels.  In  any  case,  before  deciding  to 
deviate  from  the  EPR,  associated  production  oost  increases  should  be 
considered . 

The  production  oost  changes  resulting  from  a  ohange  in  production 
rate  may  be  estimated  either  through  direot  disoussion  with  the  manu¬ 
facturer,  or  through  a  modelling  technique,  or  both.  There  are  several 
models  t,:at  oan  be  used  to  predict  the  effect  of  production  rate  ohange 
on  unit  oost.  Unfortunately,  many  models  require  data  that  are  very 
difficult  to  obtain,  suoh  as  oontraotor  variable  and  fixed  oost^. 


Because  Advanced  Technology  was  not  able  to  obtain  the  manufacturers' 
fixed  and  variable  overhead  costs,  an  aggregai  of  manufacturer's 
oosta  was  used  in  this  study.  Where  possible,  fee  and  Government 
Furnished  Equipment  (GFE)  oosts,  whioh  do  not  vary  with  production 
rate,  were  removed  from  prioe  figures  to  more  olosely  approximate  manu¬ 
facturing  oost. 

The  model  most  often  used  in  support  of  this  study  is  one  that  has 
also  been  ur  Jd  by  Mr.  John  C.  Bemis,  formerly  of  the  DoD  Produot 
Engineering  Servioes  Offioe  (PESG).  Through  a  multiple  regression 
analysis  of  oost  and  sohedule  data,  an  equation  was  derived  for  each 
program  studied.  This  equation  associates  the  manufacturer • s  unit  oost 
("UC"  in  the  equation  below)  with  the  cumulative  number  of  units  pro¬ 
duced  (Q),  and  the  rate  of  production  of  tha  item  (R).  The  equation  is 
shown  below: 


UC  *  (It)  Q“,XXX  R-3™ 

If  the  logarithms  of  the  variables  are  plotted,  the  surfaoe 
described  by  the  equation  is  a  plane.  A  family  of  straight,  parallel 
isoooat  lines*  can  be  oonstruoted  on  this  plane  with  a  slope  that 
indicates  the  relative  importance  to  unit  oost  of  the  cumulative 
quantity  and  production  rate.  This  chart  can  be  used  to  evaluate  the 
oost  effioienoy  of  the  produotion  of  the  item. 


*  All  points  on  an  isocost  line  have  the  same  unit  oost 


Although  knowing  the  effeot  of  a  produotion  rat*  ohanga  la  impor¬ 
tant  in  tha  deolsion  prooass,  it  doaa  not,  by  itsalf,  daflna  tha  rata  of 
produotion  at  whioh  unit  ooata  ara  minimised.  No  simple  analytical 
modal  was  found  to  dafina  "eoonomio  produotion  rata".  Tha  daflnltlon  is 
basad  upon  the  raaulta  of  diaouaaiona  with  nanbara  of  tha  defanaa 
ay a teas  aoquiaition  community.  To  daaorlba  this  rata  it  vaa  neoeaaary 
to  uaa  the  tarn  "aoonomio  procurement  rata"  and  "aoonomio  produotion 
rata."  Boonomio  procurement  rata  iaaoribaa  tha  rata  of  aoquiaition  of 
tha  coop  late  ayatem.  It  ia  defined  aa  "the  rate  of  procurement  that 
permita  effloient  uaa  of  available  industrial  raaouroaa  to  aohleva  tha 
lowaat  unit  ooat."  Tha  word  "procurement"  ia  uaad  to  dlatlnguiah 
between  the  aoquiaition  rata  of  tha  ayatem  and  tha  ratea  at  which  the 
oomponenta  of  the  ayatem  ara  produced.  In  praotioe,  eaoh  oontraotor  has 
ita  own  aoonomio  produotion  rata.  Theae  ratea  muat  be  taken  into 
aooount  when  evaluating  the  procurement  rate  of  the  ayatem.  The  oon¬ 
traotor  with  the  lowaat  aoonomio  production  rate  will  aot  to  limit  the 
overall  procurement  of  the  ayatem.  The  eoonomio  procurement  rate,  by 
definition,  ia  the  aame  as  the  lowest  eoonomio  produotion  rate  of  the 
oontraotora.  It  should  be  noted  that  this  definition  of  E?R  ia  not 
aasooiated  with  the  models  which  measure  the  ooat  effect  of  rate 
changes.  The  EPR  ia  determined  by  the  government  program  management 
of  floe  through  diaouaaion  with  the  oontraotons).  In  this  way  the  BPR 
for  eaoh  oontraotor  oan  be  determined  by  evaluating  the  rate  whioh  will 
efficiently  use  the  industrial  reaouroea  available. 

Five  DoD  aoquisitior  pregrams  have  been  examined  in  this  study: 
the  Army's  TOW  missile,  Abrams  M-1  tai  <,  and  Bradley  Fighting  Vehiole 


iii 


System;  the  Navy's  A-6E  aircraft;  and  tha  Air  Force's  A-10  aircraft. 
For  aaoh  program,  a  ragrsssion  analysis  yialdsd  tha  aquation  previously 
desoribad.  For  the  A-10,  sufficient  information  was  available  to  also 
use  a  modal  suggested  uy  C.H.  Smith. 

The  economic  procurement  rate  for  each  system  studied  has  been 
determined  and  is  presented  in  this  report.  The  dollar  savings  have 
been  estimated  for  producing  at  a  more  eoonomioal  rate  of  produotion 
rather  than  at  lower,  aotual  or  projected  rates. 

The  eoonocio  production  and  proourement  rates  are  goals;  however, 
in  praotioe,  oontraotors  usually  produce  and  program  offices  usually 
procure  below  the  optimum  rates.  The  prevalent  reason  for  proouring 
(producing)  below  the  BPR  is  affordability.  Other  reasons  are:  to  keep 
a  "warm"  produotion  base,  and  laok  of  an  identified  requirement  for  a 
follow-on  system. 
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IWHOPOCTIOi 


1*1  Bmoteroiaad 


In  his  April  30,  198 1  memorandum  on  "Improving  ths  Aoqu.altion 

Process,"1 2  Deputy  Secretary  of  Defense  Prank  C.  Carluooi  affirmed  an 

♦ 

acquisition  management  principle  when  he  directed  that: 

Ue  oust  aohieve  more  eoonomio  rates  of  production. 

2 

This  principle  became  Recommendation  Number  7: 

ilervioes  must  use  economic  production  rates  in  their 
program  and  budget  requests,  or  explain  and  be 
prepared  to  defend  the  reason  why  a  different  rate  was 
selected. 

Finally,  in  a  July  23,  1982  memorandum  entitled  "PY  1983  Revised  and 
PY  1984  Budget  Estimates  Ouidanoe,"  the  Deputy  Assistant  Secretary  of 
Defense  (Program/Budget),  in  his  instructions  for  PY  1984  budget 
estimates,  directed  that: 


For  major  procurements  contained  in  the  aircraft, 
missile,  ship,  weapons,  and  traoked  combat  vehioles 
appropriation,  a  new  exhibit  in  the  format  of 
Enclosure  3  mill  be  required  to  indicate  tha  most 
eoonomioal  procurement  rate  of  production  and  compared 
against. the  budget  procurement  rate  when  these  rates 
differ. 


1 Prank  C.  Carluooi,  Deputy  Secretary  of  Defense,  "Improving  the 
Acquisition  Prooess,"  30  April  1981,  Recommendation  7,  "Eoonoaio 
Production  Rates,"  p.  2. 

2Ibid.,  p.  7. 

^ Clyde  0.  Qlaister,  Deputy  Assistant  Secretary  of  Defense 
(Program/Budget) ,  "PY  1983  Revised  and  PY  1984  Budget  Estimates  Ouidanoe," 
23  July  1982,  p.  3. 
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The  enclosure  referred  to,  requests  the  eoonoaio  rata,  budget  rata 
and  diffaranoaa  for  FYa  1984—88  and  explanations  for  tha  diffaranoaa. 
Aooording  to  tha  originating  offioa,  no  aignifioanoa  ahould  ba  attaohad  to 
tha  aubatitution  in  that  aeaorandu*  of  tha  tar*  "aoor.oaio  proouraaant 
rata"  for  "eoonoaio  production  rata." 


1.2  tsszm 

Tha  objeotivaa  of  thia  study  aa  outlined  by  tha  Defence  Systems 
Hanagtaent  Collage  ware: 

o  Dataraina,  using  sound  aioroeoonoaio  theory,  how  tha  theore¬ 
tically  optima  production  rata  ia  determined.  Thia  optima 
rata  ia  tha  rata  whloh  yields  tha  minimum  coat  par  unit  ooat  of 
production. 

o  Dataraina  tha  underlying  reasons  which  aay  be  related  to  ooat, 
schedule ,  and  political  factors,  why  aoaa  prograaa  are  not  pro¬ 
duced  at  an  econoala  rate. 

o  Hank  tha  aajor  faotora  oauaing  "non  eoonoaio"  rates  of  produo¬ 
tion.  (These  faotora  are  tha  prograa  constraints  in  aaoh 

k 

program  studied. ) 


- r - 

Request  for  Proposal,  903-82-Q-0051  ,  Task  Order  Mo.  82-A, 
Delivery  Order  0002,  2  August  19®2. 
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Although  those  objectives  ere  oleer,  very  eerly  in  the  oonduot  of 
the  study  a  reason  was  found  to  ohallengo  the  definition  of  optimum 
(eoonomio)  production  rate  given  above.  The  basis  for  this  challenge  is 
that  unit  oost  nay  not  reaoh  a  minimum  within  praotioal  limits.  This  led 
Advsnoed  Technology  to  the  development  of  a  praotioal  definition  of 
eoonomio  production  rate. 


1.3  Scope 


The  researoh  for  this  study  was  conducted  with  a  desire  to  balanoe 
theory  with  praotioe.  After  oonduotlng  a  literature  search  on  the  subjeot 
of  the  effeots  of  production  rate  on  unit  oost,  it  was  deolded  not  to 
develop  a  new  theoretical  model.  The  best  approaoh  appeared  to  be  to 
proceed  immediately  with  the  praotioal  application  of  existing  models  to 
find  the  economic  production  rates.  Dr.  C.H.  Smith  stated  in  a  review  of 
the  pertinent  literature,  "The  studies  dearly  demonstrate  that  it  is 
unrealistic  to  expect  to  obtain  a  general  straightforward  rate-cost 
model. Therefore,  emphasis  was  plaoed  on  finding  (with  the  use  of 
available  data)  a  workable,  empirioal  model  that  could  be  used,  even  if 
imperfeotly,  to  relate  unit  cost  to  production  rate. 

These  are  several  limitations  to  the  soope  of  this  study.  First, 
the  "per  unit  oost  of  production",  whloh  was  referred  to  in  the  first 


5 

Charles  H,  Smith,  Production  Rate  and  Weapon  System  Cost:  Researoh 
Review.  Case  Studies,  and  Planning  Model.  APRO  80-5  (Fort  Lee,  Virginia: 
U.S.  Army  Procurement  Researoh  Offioe,  (November,  I960)),  p.  4. 
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study  objective,  is  the  oost  to  the  produoer,  not  the  prloe  to  DoD. 
Beoause  this  information  oan  be  used  to  gain  ooepetltive  advantage,  it  is 
oonslderod  proprietary  by  manufacturers  and  they  would  not  release  it  for 
this  study.  The  difference  between  the  ...arjfao tuner’s  oost  and  DoD  prioe 
is  fee  and  government  furnished  equipment  (QFE)  oosts.  Where  possible,  fee 
and  QFE  oosts  have  been  exoluded.  Beoause  fee  and  QFE  oosts  do  not  have  a 
predictable  relationship  with  the  rate  of  produotion.  their  presence  must 
be  oonsidered  contaminating.  They  detraot  from  the  correlation  of  the  oost 
data  with  rate  of  produotion.  A  second  limitation  to  the  study  oonoerna 
the  number  of  manufacturers  involved  in  producing  components  of  the 
system.  The  oost  of  eaoh  part  will  vary  with  the  produotion  rate  of  that 
manufacturer,  and,  because  there  is  a  large  number  of  manufacturers  asso¬ 
ciated  with  any  tuajor  system,  it  was  beyond  the  scope  of  this  study  to 
evaluate  all  of  them.  On  the  other  hand,  the  more  customers  a  manufacturer 
has  for  a  part  or  component,  the  less  influence  any  one  of  these  customers 
will  have  on  the  cost  of  the  part.  To  take  an  extreme  example,  a  DoD  system 
is  unlikely  to  have  any  affect  on  the  cost  (not  prioe)  of  common  fasteners 
regardless  of  what  rate  of  procurement  it  sets,  but  may  have  a  great  affeot 
on  the  oost  of  a  component  that  is  manufactured  for  that  system  only. 

The  cost  of  the  final  system  may,  therefore,  vary  signifioantly 
with  only  a  few  manufacturers.  The  number  of  contractors  seleoted  to  be 
inoluded  in  a  study  to  determine  BPR  depends  on  the  aoouraoy  required.  At 
the  DoD  level,  where  major  changes  in  funding  are  made,  aoouraoy  does  not 
have  to  be  as  preoioe  as  at  the  program  of  floe  or  at  the  prime  contractor's 
level  where  more  manufacturers  should  be  inoluded  in  the  study  in  order  to 
obtain  greater  aoouraoy.  This  study  was  generally  limited  to  variations  in 


the  prim*  oontrao tor's  oost  only.  Therefor* ,  the  study  should  be 
considered  as  a  pilot  study  showing  the  methodology  of  analysis  and  the 
preliminary  findings  of  the  eoonomlo  production  rate  of  five  DoD 
acquisition  systems. 

1.3*1  Selection  of  Systems  for  Study.  Advanoed  Technology  was  directed 
to  select  five  of  the  following  nine  major  systems  for  detailed  study: 

Abrams  M-1  Tank  (Army) 

Bradley  Fighting  Vehiole  System  (Army) 

Patriot  Missile  (Army) 

A-6E  Aircraft  (Navy) 

P-3C  Aircraft  (Navy) 

A-10  Airoraft  (Air  Foroe) 

F-18  Airoraft  (Navy) 

KC-135  Airoraft  Re-engining  (Air  Force) 

TOW  Missile  (Army) 

The  following  criteria  (with  explanations)  were  used  to  seleot  the 
five  systems. 

o  Inolude  a  system  from  eaoh  service.  Beoause  the  conclusions  of 
the  study  oould  influenoe  all  the  services,  it  was  deoided  that 
the  three  major  services  should  participate.  The  best  way  to 
ensure  eaoh  service's  active  participation,  and  to  keep  it 
informed  of  the  progress  of  the  study,  was  to  inolude  a  program 
from  eaoh  servloe.  This  oriterion  was  also  neoessary  to  be  able 


to  aooount  for  differences  in  aanagement  styles  or  administra¬ 
tive  approaches  among  the  services. 

0  Include  programs  with  a  variety  of  production  rates.  lengths  of 
production  runs,  and  sales.  It  was  felt  that  the  problems  of  a 
system  with  a  high  rate  of  production  would  differ  from  those  o<* 
a  system  with  a  low  rate. 

The  length  of  time  a  system  has  been  in  production  usually 
determines  the  amount  of  historical  data  available.  A  mix  of 
systems  with  historical  and  predicted  data  was  included.  Pro¬ 
grams  with  foreign  military  sales  (FMS)  were  include  because  the 
FMS  cause  overall  production  rates  and  quantities  to  vary. 

o  Data  must  be  available  for  study.  Early  in  the  study  it  was 
recognized  that  the  portion  of  the  unit  cost  that  would  vary  with 
the  production  rate  would  be  the  manufacturer's  unit  cost; 
therefore,  an  attempt  was  made  to  select  systems  for  which  this 
data  would  be  available. 

o  There  must  be  a  single  prime  contractor  for  the  manufacture  and 
assembly  of  a  major  portion  of  the  system.  It  was  recognized 
that  oost  variations  resulting  from  ohanges  in  the  rate  of  pro¬ 
duction  would  apply  to  the  oontraetor  doing  the  work.  When  the 
work  is  spread  among  many  oontraotors,  the  ef foots  of  any  one 
oontraotor's  cost  variation  are  not  always  significant  in  the 
overall  oost  of  the  system. 
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1-3.2  3ystems  eliminated.  Applying  these  oriteria,  the  following  systems 
were  eliminated  from  the  nine  programs  identified  by  D3MC.  (This  left  five 
programs  for  review,  as  required  by  the  contract.) 

Patriot  Missile:  This  system  has  several  major  components,  each 
produced  by  a  different  contractor. 

P-3C  Aircraft:  The  available  data  were  distorted  and  no  hope  was 
offered  for  better  data.  A  Lockheed  study  on  the  subjeot  was 
identified,  but  aooess  to  it  was  denied  by  lookheed. 

F-18  Aircraft:  During  the  period  of  the  study,  this  program  was 
involved  in  a  dispute  between  the  Department  of  the  Navy  and  the 
contractor  over  costs  and  the  data  that  were  available  were 
minimal. 

KC-135  Airoraft  Re-engining:  Production  had  not  begun,  and  only 
projected  data  existed. 

1.3.3  Systems  Selected.  The  systems  selected  for  study  were: 

Abrams  M-1  Tank:  a  major  Army  system  with  some  production  history 
and  a  relatively  high  rate  of  production..  It  is  produced  in  a 
Government-Owned-Contraotor-Operated  (GOCO)  plant.  This  presented 
an  opportunity  to  study  the  aspects  unique  to  that  oontraotlng 
method.  Prime  oontraotor:  General  Dynamios. 
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Bradley  Fighting  Vehicle  System:  a  system  in  production  for  only  e 
short  time,  but  with  available  data.  Prime  oontraotor:  PMC. 

A-6B  Airoraft:  a  mature  Naval  aircraft  with  a  low  rate  of  produc¬ 
tion.  Prime  contractor:  Qruanan. 

A-10  Airoraft:  an  Air  Poroe  airoraft  with  a  long  history  of  pro¬ 
duction.  Prime  oontraotor:  Pairohild  Republio  Corporation. 

TOW  Missile:  an  Army  system  with  a  long  history  of  production  at  a 
high  rate.  Prime  oontraotor:  Hughes  Airoraft  Company. 


•3.4  Meeting  of  Interested  Parties.  On  14  Deoember  1982,  a  meeting  on 
the  subject  of  this  study  was  held  at  the  Defense  Systems  Manage¬ 
ment  College  (DSMC« ,  Pt.  Belvoir,  VA.  Participants  inoluded 
representatives  from  the  Offioe  of  the  Secretary  of  Defense;  the 
program  offioes  of  the  systems  seleoted  for  study;  Headquarters, 
Army  Materiel  Development  and  Readiness  Conmand  (DARCOM);  Head¬ 
quarters,  Air  Poroe  Systems  Command  (APSC);  Headquarters,  Naval 
Air  Systems  Contend  (NAVAIR),  the  DSMC;  several  defense  oon- 
traotors  directly  involved  with  the  systems  under  study;  and 
Advanoed  Technology,  Ino.  The  first  draft  of  this  study  was 
reviewed  and  disoussed.  The  results  of  the  meeting  had  a  signi¬ 
ficant  influence  on  the  results  of  this  study. 
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2.  KraOKEC  PROCORIMDR/PBOOOCTIOI  RATI 

2.1  Definition 

Hr.  John  C.  Beiris  of  the  DoD  Produot  Engineering  Services  Offioe 
(PESO)  has  found  that  for  the  majority  of  defense  acquisition  programs  unit 
ooats  decrease  as  procurement  rates  increase. ^  The  logical  but  imprac¬ 
tical  oonolusion  is  that  infinite  rate  gives  minimal  oost.  Affordability 
considerations  require  that  the  rate  of  procurement  must  be  limited  to  a 
realist io  level.  The  industrial  resources  that  determine  the  eoonomio 
rate  of  procurement  are:  tooling  and  test  equipment,  plant  space,  man¬ 
power,  and  material.  Because  most  defense  systems  are  the  produot  of  a 
number  of  manufacturers,  the  term  procurement  is  used  in  the  definition  to 
imply  that  the  production  rates  of  individual  contractors  result  in  a 
procurement  rate  for  the  system.  The  definition  suggested  by  this  study 
is: 


"The  eoonomio  procurement  rate  of  a  system  is  the  rate  that  permits 
efficient  use  of  available  industrial  resources  to  aohieve  the  low¬ 
est  unit  oost." 


2.2  Explanatory  Botes 


The  following  notes  apply  to  the  above  definition: 


John  C.  Bemis,  "Analysis  of  Rate/Cost /Quantity  Relationships:  Data 
Suomary  (Mar  81),"  Department  of  Defense  Produot  Engineering  Servioea 
Offioe,  Defense  Logistloa  Agenoy,  Cameron  Station,  Alexandria,  Virginia. 
(Typewritten.) 
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1.  When  applying  the  definition  to  a  single  Manufacturer,  the  tera 


"economics  production  rate"  may  be  used. 

2.  During  production  planning  it  aay  be  possible  to  establish  a 
procurement  rate  that  will  efficiently  utilize  all  the  available 
resources  of  the  manufacturers,  even  if  it  means  providing 
additional  funds  to  some  of  them  in  order  to  meet  the  agreed  upon 
schedule.  If  all  manufacturers  optimize  their  industrial 
resources  to  that  rate,  this  rate  will  be  the  eoonomio  procure¬ 
ment  rate  and  all  manufacturers  will  have  eoonomio  produotlon 
rates  to  match  it.  In  a  more  mature  program,  however,  events 
often  lead  to  a  separation  of  rates  as  shown  below: 


EXAMPLE  1 

higher  rate 
(planned) 


Level  A  -  Manufacturer  A  -  economic  production  rate 

(original  economic  procurement  rate) 

Level  B  -  Manufacturer  B  -  eoonomio  production  rate 

Level  C  -  Aotual  procurement  rate 


*  lower  rate 


(actual) 


In  Example  1,  the  aotual  procurement  rate,  has  fallen  to  Level  C, 
far  below  the  planned  EPR  at  level  A.  The  reason  for  the  drop  is 
not  important  to  the  example,  but,  typioally,  might  be  oaused  by 
a  restriction  of  funds.  Manufacturer  A  still  has  all  the 
resouroes  to  produoe  at  Level  A  and  retains  A  as  its  eoonomio 
produotlon  rate,  although  this  now  oomes  from  a  produotlon 
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oapaoity  in  excess  of  the  needs  of  the  program.  Manufacturer  B 
has  responded  to  the  lower  required  rate  by  diverting  some 
resouroes  to  another  Job.  It  now  has  a  lower  eoononlo  production 
rate  at  Level  B.  This  rate  is  still  higher  than  the  rate 
required,  but  it  is  oloser  to  the  aotual  rate  than  Manufacturer 
A's  rate.  This  means  that  Manufacturer  B  has  less  exoess  capa¬ 
city  than  Manufacturer  A  and  the  government  is  paying  a  lower 
production  rate  penalty  (proportionately)  for  Manufacturer  B's 
produot  than  for  Manufacturer  A's  product.  A  pertinent  question 
in  this  situation  is,  "What  is  the  eoonomlo  procurement  rate  of 
the  system  now?"  Total  industrial  resouroes  are  not  presently 
available  to  prooure  at  a  rate  higher  than  Manufacturer  B's  rate 
(l.e.,  Manufacturer  B's  rate  is  limiting).  Furthermore,  beoause 
unit  oost  usually  goes  up  with  a  decreasing  procurement  rate  (as 
will  be  discussed  in  Section  3),  it  is  uneconomical  to  prooure  at 
a  rate  less  than  Manufacturer  B's  rate.  Manufacturer  B's  rate  Is 
therefore  the  present  economic  procurement  rate  and  is  the  rate 
that  corresponds  to  the  lower  eoonomie  production  rate  of  the 
two  major  oontraotors. 

3.  The  EPR  may  vary  as  the  available  industrial  resouroes  vary. 
This  variation  oan  be  oaused  by  the  following: 

a.  A  government  decision,  suoh  as  a  change  in  the  specifica¬ 
tion  of  the  item,  a  change  in  the  level  of  faoilitization 
support,  and  the  dosing  or  opening  of  a  related  produotion 
line.  Hote  that  ohanging  only  the  aotual  rate  of 
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procurement  does  not  neoesserily  change  the  manufacturer's 
industrial  resources.  Therefore,  a  restriction  of  procure¬ 
ment  funds,  which  results  in  a  change  in  the  rate  of  pro¬ 
curement,  does  not,  by  itself,  ohange  either  the  eoonomio 
production  rate  of  a  manufacturer  or  the  eoonomio  procure¬ 
ment  rate  of  the  system. 

b.  A  contractor  deoision,  suoh  as  changing  a  production 
process,  opening  or  dosing  a  related  production  line, 
changing  vendors  or  subcontractors,  or  other  decisions 
which  would  have  an  affeot  on  the  industrial  resources 
available  to  support  production  of  a  defense  system. 

o.  Actions  beyond  the  control  of  either  the  government  or  the 
contractor,  such  as  an  act  of  God,  a  strike,  or  a  restric¬ 
tion  of  a  critical  component  by  a  sole  source  vendor. 

4.  At  the  contractor  level,  the  eoonomio  production  rate  is  deter¬ 
mined  by  a  single  Industrial  resouroe  whioh  limits  production  or 
assembly  of  the  component  being  produced.  An  industrial 

resource  becomes  limiting  when  its  capaoity  is  fully  utilized 
while,  at  the  same  time,  thers  is  exoess  oapaoity  in  the  other 
industrial  rssouroes.  To  be  considered  available  for  supporting 
the  EPR,  the  resources  must  be  at  the  location  needed,  and  their 
oosts  must  fall  within  approved  fisoal  constraints. 
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The  following  industrial  rssouross  beoome  limited  for  the 
ramsons  presented: 

m.  Additional  too1 ing  and  test  equipment  at*  available  until 
the  oapaoity  is  fully  utilised,  while  still  allowing  time 
for  maintenance. 

b.  Plant  spaoe  is  available  until  the  oapaoity  is  fully  and 
efficiently  utilized. 

o.  Manpower  is  available  until  additional  man-hours  of  the 
required  levels  of  skill  are  not  available,  allowing  for 
planned  absences. 

d.  Materials  ere  available  until  the  supply  of  one  of  the 
following  cannot  be  increased: 

(1)  raw  material 

(2)  GFG/GFM  (Government  Furnished  Equipment/Government 
Furnished  Material) 

(3)  verdor  or  sutoontraotor  supplied  items 

2.3  Dlaouvalop 

Although  the  oott  livings  gained  by  proouring  defense  systems  at 
the  most  eoonomloal  rate  may  be  substantial,  they  must  be  measured  against 
other  oosts  on  a  ptogram.  Procurement  costs  represent  one  oomponent  of 
life  oyole  oost.  Operating  and  support  (04S)  oosts,  a  large  oomponent  of 
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Ilf*  oyole  ooat,  will  be  affected  by  the  rat*  of  produotion.  Th*  decision¬ 
maker  aay  b«  foroed  to  ohooa*  between  reduoing  immediate  (aaall)  produo¬ 
tion  oosts,  or  futur*  (larga)  04S  ooata.  The  definition  of  eoonomio 
procurement  rati*  suggested  in  thin  study  does  not  apply  to  the  aggregate 
life  oyole  ooata,  rather,  it  applies  to  the  aua  of  the  produotion  ooata. 
Furthermore,  the  definition  doea  not  consider  all  of  the  faotors  that  Bay 
make  the  ooat  of  the  EPR  unaffordable.  Some  of  the  other  factors  that 
affect  ooata  are  oompating  programs  and  budget  outs.  These  are  reasons  for 
not  attaining  the  EPR,  but  they  do  not  change  the  EPR. 

There  are  other,  non-eoonomio  faotors  that  may  favor  produoing  a 
product  at  a  rate  other  than  the  KPR.  These  faotora  inolude  suoh  things  as 
keeping  a  warm  production  base,  a  change  in  the  threat,  teohnioal  improve¬ 
ment  or  failure  and  political  considerations.  These  faotors  may  diotate  a 
speoific  rate  of  procurement,  but  they  do  not  change  the  EPR. 

The  term  "economic  procurement  rate"  implies  that  there  is  a  rate  of 
procurement  that  is  more  eoonomioal  than  any  other  rate.  Further,  it 
implies  that  there  is  a  relationship  between  unit  ooat  and  procurement 
rate,  and  that  unit  cost  oan  be  reduoed  by  selecting  a  procurement  rate 
dose  to  the  EPR.  Also,  beoause  the  rate  of  procurement  is  related  to  the 
rate  of  produotion  of  eaoh  manufacturer,  the  ooat  that  should  be  studied  is 
the  manufacturer's  oost  of  produotion,  not  the  price  of  the  product  to  the 
government.  If  the  relationship  of  unit  oost  and  the  manufacturer's  pro¬ 
duotion  rate  oan  be  established  by  both  the  government  and  the  oontraotor, 
both  parties  oan  benefit  by  taking  steps  to  reduoe  produotion  costs. 
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Th«  prlii*  oontraotor  la  th*  fooal  point  for  ayat*a  ooata.  Th*  ooat 
of  production  of  a  system  oonsiata  of  both  th*  ooata  of  components  manufao- 
tur*d  and  as? ambled  by  th*  print*  oontraotor  and  th*  ooata  of  components 
that  th*  prim*  oontraotor  do*a  not  manufacture  and  assemble,  hut  which  h« 
integrates  into  th*  system.  Sl*a*nta  of  GFE/GFM  ar*  furniahed  to  th*  pria* 
oontraotor  at  no  ooat  to  hia  and  they  will  iiavo  separate  EPRs.  Vendors  and 
suboontraotors  supplying  items  to  the  prime  oontraotor  will  alao  have 
separate  EPRs.  It  ia  easy  to  see,  then,  that  the  level  of  effort  and 
amount  of  information  needed  to  oorreotly  model  the  ooat  of  a  major  system 
will  grow  prohibitively  large  if  all  of  the  -contractors,  vendors,  and 
suboontraotors  are  oonsicered.  A  compromise  must  be  reaohed.  While  the 
definition  of  eoonomio  production  rate  is  equally  applicable  to  the  manu¬ 
facturer  of  any  item  in  a  system,  in  the  weapons  systems  studied  (except 
for  the  Fighting  Vehiole  System)  Advanced  Technology  has  used  the  ooata  and 
factors  of  produotion  of  only  the  prime  oontraotor.  Many  of  the  vendor  and 
auboontraotor  ooata  are  included  in  the  prime  oontraotor* s  coats;  there¬ 
fore,  they  are  not  totally  ignored.  The  oontraotors,  whose  oosta  were  not 
inoluded  in  the  prime  oontraotor* a  oosta,  were  not  analyzed  independently. 

During  the  Full-Soale  Development  Phase  of  a  program,  a  procurement 
sohodule  (rate)  should  emerge  that  oonsiders  operational  requirements, 
life  oyole  ooat,  affordability,  and  other  faotora  pertinent  at  the  time. 
Another  produotion  rate  oonaideration  should  be  the  industrial  resources 
the  potential  oontraotora  will  devote  to  the  system  throughout  the  produo¬ 
tion  period.  Inflexible  exoess  would  result  in  uneconomical  produotion 
rates.  The  produotion  rate  might  be  made  a  negotiable  factor  for  oontrao¬ 
tors.  Cost  oould  be  used  as  a  trade-off.  When  a  sohedule  is  agreed  upon, 
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It  beoomes  the  basis  for  the  oontraotor  to  optimise  the  levels  of  the 
Industrial  resouroes  that  will  be  applied  to  the  production  of  that  system. 
That  is,  production  prooeaaea  will  be  aeleoted  that  are  beat  suited  to  that 
rate-  Quantity  of  production,  plant  apace,  tooling  and  test  equipment, 
aanpower  and  Materials  (in  the  fora  of  raw  notarial,  and  subcontractor  and 
vendor  lteaa)  will  be  optlalsed  to  reduoe  unit  ooat.  To  the  extent  that 
this  ia  aoooupllahed,  the  RPR  and  the  planned  production  rate  will  be  the 
aaae.  Later,  however,  oireuastanoea  nay  occur  that  will  affeot  the  aotual 
sohedule,  aa  well  aa  the  RPR.  For  exaaple,  if  all  else  reaalned  equal,  but 
the  government  decided  to  atretoh-out  production,  the  RPR  would  remain  the 
sane  because  the  industrial  reaouroea  would  not  changed.  However,  the 
actual  procure nent  rate  would  decrease.  There  would  be  a  unit  ooat 
inorease  (measured  in  oonatant  dollars),  whloh,  when  multiplied  by  the 
total  nunber  of  units  produoed,  would  be  a  penalty  for  procuring  at  a  rata 
lower  than  the  RPR.  (taring  periods  of  Inflation  there  would  be  an  even 
larger  current  dollar  penalty.)  If  a  oontraotor  were  able  to  reduoe  one  or 
more  of  the  reaouroea  that  affect  the  RPR,  such  re  giving  up  plant  spaoe  to 
another  job,  the  RPR  would  be  lowered,  thus  bringing  it  oloser  to  the 
aotual  procurement  rate.  The  ooat  penalty  of  procuring  at  a  rate  lower 
than  the  RPR  would  be  less.  The  following  examples  nay  help  olarify  these 
polnta. 


Hew  Program 


EXAMPLE  2 


FU11  Scale  Development  Phaae 


< ‘  Level  A  Original  RPR  (all 
oontraotora  facilities 
to  this  rate) 

Level  B  Preplanned  -1 


Production  Phaae 
A  Planned  *1 


B 


Aotual  rate  (New 
RPR) 

1 


Level  C  Preplanned  -2 


C  Planned  -1 


In  Ex ample  2,  Level  A  ms  the  planned  rate  of  prooureaent  to  whloh  all 
oontraotors  faoilitlaed.  Two  lower  preplanned  rates  B  and  C  were  negoti¬ 
ated  In  oase  the  prooureaent  rate  fell  at  a  later  time.  During  production, 
events  (budget  oonstraints,  shortages  of  oritioal  iteas,  eto.)  aay  oause 
s  the  aotual  prooureaent  rate  to  fall  to  Level  B.  All  oontraotors  would 
shift  to  Level  B,  and  Level  A  would  reaain  a  higher  (+1)  option  and  Level  C 
would  reaain  a  lower  (-1)  option.  Ideally,  the  oontraotors  would  use  the 
exoess  oapaoity  for  other  produots,  or  they  would  reduce  their  resouroes  by 
other  aeans.  Then,  Level  B  would  beooae  the  new  EPR.  If  not,  the  situa¬ 
tion  aay  be  as  shown  in  Example  3. 


Later  Produotlon  Phase 

A  Original  EPR 

B  +2 

C  ♦  1 

Cl  Aotual  prooureaent 
and  ooaproaise  EPR 
D  -  1 

Early  in  the  production  phase  of  this  program,  the  aotual  procure¬ 
ment  rate  dropped  froa  the  original  EPR  at  Level  A  to  a  lower  prooureaent 
rate  (Level  D).  The  prime  oontraotor  and  suboontraotor  both  reduced  their 
resouroes,  but  they  did  not  reduoe  then  to  Level  D.  The  priae  oontraotor' a 
eoonoaio  produotlon  rate  is  st  Level  B,  and  the  suboontraotor' s  eoonoaio 
produotlon  rate  is  at  level  C,  which,  by  definition,  is  also  the  eoonoaio 
prooureaent  rate  on  this  prograa.  Unit  oost  oould  be  reduoed,  either  by 
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EXAMPLE  3 

Mature  Program 

Early  Produotlon  Phase 
Level  A  Original  EPR 
Level  B  Priae 
Level  C  Sub  (present  EPR) 


a  3 


8 

Cm 


Level  D  Aotual  prooureaent 
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raising  the  level  of  aotual  procurement  or  by  reduoing  resouroes  and  lower¬ 
ing  the  oontraotor  eoonoaio  oroduotlon  rate.  In  this  exasp le,  Level  Cl 
was  agreed  upon  as  the  target  EPR.  All  of  the  ooncraotors  reduoed  their 
resouroes  to  optimize  their  production  at  that  level,  and  the  aotual  pro¬ 
curement  rate  was  raised  to  that  level.  Levels  B  (+2),  C  (4-1),  and  D  (-1) 
remain  as  options.  This,  of  oourse,  represents  ar.  Idealistic  solution.  A 
complete  solution  will  probably  never  be  as  eaoy  to  realize  in  praotioe. 
Regardless,  the  problem  of  uneconomical  production  rates  oan  be  reduoed  by 
these  methods. 

The  economic  procurement  rate  has  a  baseline  unit  oost  against 
which  unit  costs  of  various  rates  may  be  measured.  The  financial  penalty 
of  not  producing  at  the  EPR  can  then  be  estimated.  If  the  EPR  oannot  be 
lowered  by  the  contractor,  there  may  be  valid  reasons  for  still  procuring 
the  system,  even  at  a  rate  below  the  EPR.  Operational  requirements, 
technical  problems,  affordability,  keeping  a  "warm"  production  base  and  a 
number  of  other  excellent,  and  often  over-ridirs,  reasons  may  require 
production  at  a  level  below  the  EPR.  However,  the  cost  of  not  producing  at 
the  EPR  should  be  measured  an!  considered  during  the  decision-making  ro~ 
oess. 

Although  the  study  report  uses  the  single  term,  EPR,  it  is  recognized  that 
the  vast  complexities  that  surround  this  subject  make  pinpoint  aoouraoy 
impossible.  Beoause  industrial  resouroes  often  oome  in  disorete  blocks, 
there  may  be  a  "break  point"  near  the  theoretical  EPR  whloh  will  be  the 
practical  EPR.  It  may  beoome  obvious  onl>  through  a  disoussion  with  the 
oontraotor.  This,  however,  does  not  negate  the  importance  Of  (a)  an 
independent  government  estimate  of  the  EPR,  or  (b)  reporting  the  oost 
penalty  caused  by  deviation  from  the  EPR. 


18 


In  finding  the  EPR  for  a  system  or  contractor,  the  definition  is  of 
paramount  Importance.  At  the  theoretioal  EPR,  there  ere  no  wasted 


industrial  resouroes.  At  the  praotloal  SPR,  the  exoess  industrial 
resouroas  are  minimized.  The  governaent  can  influenoe  the  level  of 
resouroes  during  early  planning.  However,  the  governaent  oan  only 
discover  the  aotual  EPR  through  discussions  with  the  oontraotor.  Of  equal 
iaportanoe  to  establishing  the  EPR  is  the  capability  to  estlaate  the  ohange 
in  unit  oost  whioh  results  froa  a  shift  in  the  rate  of  prooureaent  or 
production.  First,  this  capability  oan  be  used  to  measure  the  oost  penalty 
of  not  producing  at  the  EPR.  Even  if  the  EPR  oannot  be  attained,  it  oan  aot 
as  a  baseline  from  whioh  oost  deviations  oan  be  measured.  Second,  this 
capability  will  allow  planners  to  estimate  the  impaot  that  production  rate 
shifts  have  on  unit  oost.  Third,  this  capability  will  permit  planners  to 
estlaate  the  unit  cost  penalty  if  the  production  rate  is  reduoed.  This 
capability  is  aohieved  through  modeling. 

Claasioal  microeconomics  prediots  the  existence  of  a  minimum  unit 
oost  as  production  rate  increases  (holding  industrial  resouroes  oonstant) . 
However,  for  defense  systems,  this  unit  oost  is  not  normally  attained 
during  peaoetiae.  Under-utilisation  of  available  oapaoity  is  one  of  the 
problems  that  must  be  addressed.  Raising  the  rate  of  production  usually 
results  in  a  lower  unit  oost,  if  the  oapaoity  of  the  facility  is  not 
exoeeded.  An  inverae  exponential  relationship  between  unit  oost  and 
production  rate  appears  to  exist. 
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The  models  described  below  were  found  in  the  literature.  They  attempt 


to  desoribe  the  relationship  just  disoussed. 


3*1  "Knee  of  the  Curve11 


During  this  study  a  model  was  sought  that  would  both  help  to  define 
GPR  and  provide  a  method  for  measuring  the  cost  incurred  by  not  following 
the  EPR.  One  of  the  first  models  found  was  the  "knee  of  the  curve. This 
model  assumes  only  an  exponential  rela ;ionship  between  production  rate  and 
unit  cost.  The  specific  relationship  for  an  item  could  be  found  empirical¬ 
ly  by  historical  production  data,  contractor  proposal  data,  or  prior 
experience  with  the  contractor  producing  similar  items.  The  graph  would  be 
shown  as: 

UNIT 
COST 


KATE  OF  FSODUCTION 

FIGURE  1 

The  model  assumes  that  if  a  program's  plot  of  present  production  rate 
versus  present  unit  oost  is  on  the  vertical  leg  of  the  ourve,  suoh  as  point 
number  1  in  Figure  1,  the  rate  would  be  too  low  and  the  unit  oost  too  high. 
It  follows,  then,  that  a  relatively  small  inorease  in  rate  would  yield  a 


7 

'William  A.  Long,  Deputy  Under  Secretary  of  Defense  (Acquisition 
Management),  "Acquisition  Improvement  Task  Foroe,"  (Washington,  D.C.: 
Department  of  Defense,  (23  December  1981)),  p.  7-2. 


20 


large  reduction  in  unit  cost  and  the  production  rate  oould  be  raised  for  a 
saall  oost  If  a  program's  position  is  on  the  horisontal  leg  of  the  curve, 
as  at  point  nuaber  2,  the  prograa  would  be  in  a  region  in  which  only  a 
relatively  saall  reduotion  in  unit  oost  is  aohieved  through  a  relatively 
large  change  in  produetion  rate.  (Here,  oost  oould  be  recovered  by  a 
relatively  saall  reduotion  In  rate).  The  ideal  position  (or  EPR)  on  the 
plot  would  be  near  the  "knee"  of  the  aurve  at  point  number  3.  This  is  where 
a  large  oost  reduotion  for  a  relatively  small  increase  in  rate  oomes  to  an 
end.  The  EPR,  then,  is  defined  by  the  "knee"  of  the  curve. 


The  usefulness  of  this  model  is  dependent  on  the  soales  selected  for 
the  axes.  By  changing  the  scales  as  shown  in  Figure  2,  the  plotted  point 


b 

8 

H 

2 


PRODUCTION  RATE 
FIGURE  2 


PRODUCTION  RATE 


moves  from  the  horizontal  arm,  to  the  knee,  to  the  vertioal  arm  without  a 
change  in  either  unit  cost  or  rate  of  production  of  the  program.  In  all 
these  oases  the  curve  is  the  plot  of  the  relationship:  unit  oost  (U.C.) 
is  equal  to  the  inverse  of  the  production  rate.  This  model  might  be 
valuable  if  a  single,  meaningful  soale  oculd  be  found  for  a  particular 
prograa  or  a  set  of  programs.  It  must  be  used  with  caution,  and  it  was  not 
used  in  this  study. 
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To  avoid  these  pitfalls  of  the  model  Just  desoribed,  it  is  better  to 
plot  an  exponential  ourve  using  log-log  graph  paper.  Then  the  curve 
appears  as  a  straight  line  (Figure  3)  and  the  "knee"  disappears.  This 
graphically  demonstrates  the  diff ioulty  of  using  the  "knee  of  the  ourve"  to 
derive  a  general  definition  for  EPR. 


FIGURE  3 


3.2  Balut  Model 

a 

The  model  desoribed  by  Comnander  Steve  J.  Balut  is  one  used  in  ths 
Program  Analysis  and  Evaluation  (PA&B)  Directorate  in  the  Office  of  the 
Secretary  of  Defense.  It  is  shown  below: 

- - - 

Steve  J.  Balut,  Commander,  USN,  "Redistributing  Fixed  Overhead 
Costs,"  Concepts  4,  No.  2  (Spring  1981):  63* 


old  \  b 


where: 


PR  +  ( 1-PR) 


1  *  lot  nuaber 

F  s  adjustment  faotor  for  rate  applied  to  standard  learning 
curve  estimate 

Qj01*^  old  quantity 

Qinew=  new  quantity 

P  s  the  fraction  of  price  represented  by  overhead 

R  s  the  fraction  of  overhead  that  is  fixed  in  the  short  term 

b  *  exponent  to  improve  model,  i.e.  experience  faotor. 


This  model  relates  the  rate  faotor  to  fixed  overhead.  Balut  used  data 

from  the  Acquisition  Management  Contractor  Cost  Data  Reporting  (CCDR) 

System.  This  consists  of  three  reports:  the  DD  Form  1921-1,  "Functional 

Cost-Hour  Report";  DD  Form  1921-2,  "Progress  Curve  Report";  and  DD  Form 

1921-3,  "Plant-Wide  Data  Report."  These  reports  are  described  in  a  single 

q 

pamphlet  with  the  following  descriptive  numbers: 


Naval  Material  Command  Pamphlet 

NAVMAT 

P-5241 

Army  Materiel  Command  Pamphlet 

AMCP 

715-8 

Air  Foroe  Logistios  Command  Pamphlet 

AFLCP 

800-15 

Air  Foroe  Systems  Command  Pamphlet 

AFSCP 

800-15 

These  reports  pass  through  the  Services 

and  are  kept 

at  PAAB 

Unfortunately,  aooess  to  these  reports  for  this  researoh  effort  was 


q 

Department  of  Defense,  Acquisition  Contractor  Cost  Data 
Reporting  (CCDR)  System  NAVMAT  P-5241,  AMCP  715-8,  AFLCP  800-15,  AFSCP 
800-15,  15  November  1973. 
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denied;  therefore,  with  one  exoeption,  the  study  team  was  unable  to  obtain 
fixed  oosts  or  overhead  for  the  programs  studied.  An  exoeption  was  the  A- 
10  program,  for  which  similar  data  was  obtained  from  a  predecessor-  report 
to  the  CCDR  (the  DO  Form  1558,  "Contractor  Information  Report,"  that  is 
still  being  used  with  the  A-10). 

3.3  C.H.  Smith  Model 

Dr.  C.H.  Smith  prepared  an  excellent  summary  of  applicable  researoh 
in  November,  1980. 10  It  provides  suggestions  for  a  practical  approaoh  to 
the  problem  of  incorporating  rate  into  cost  estimates.  He  proposes  that 
during  early  planning,  rate  effects  on  unit  cost  be  ignored.  However, 
during  budgeting,  estimators  should  use  either  one  of  the  prediotive 
models  he  describes,  or  a  rule  of  thumb  that  unit  cost  will  increase  0-10# 
per  50#  rate  reduction.  During  contract  negotiations,  he  recommends  use  of 
(1)a  predictive  model,  (2)  a  rule  of  thumb,  or  (3)  a  regression  model  such 
as  described  by  L.L.  Smith  belsw.  The  prediotive  model  he  recommends  is 
based  "largely  on  the  premise  that  fixed  overhead  is  the  primary  explainer 
of  oost-rate  effects."  The  model  is: 


where : 


A  s  average  unit  ooat  for  all  produotlon 

Q  =  total  quantity  of  units  to  be  produoed 

s  acquisition  period  in  years 
F  =  annual  fixed  oosts 

b  s  exponent  in  variable  unit  cost  learning  ourve  equa¬ 
tion  y  =  ax  ' 

a  =  first  unit  oost 

This  model  oombines  a  oumulative  quantity  faotor  based  on  variable 
oosts  and  a  rate  factor  based  on  fixed  oosts.  Unfortunately,  it  is  not 
easy  to  predict  fixed  and  variable  oosts. 

3.M  L.L.  Smith  Model 


LTC  L.L.  Smith  used  regression  analysis  to  fit  data  from  airframe 
production  periods  using  the  following  model:11 


where : 


Y.  s  the  unit  average  direct  labor  hours  required  per 
pound  of  airframe  in  lot  i 

x..  s  measure  of  oumulative  production  that  is  one-half 
the  i  n  lot  size  plus  the  total  production  of  all 
prior  lots 

x2i  s  the  lot  1  Production  rate 

B_ ,  B1  and  B,  ere  the  model  parameters  to  be  determined  by  a 
least-squares  fit. 


11 Larry  L.  Smith,  "An  Investigation  of  Changes  in  Direot  Labor 
Requirements  Resulting  from  Changes  in  Airframe  Production  Rate,”  (Ph.D. 
dissertation,  University  of  Oregon,  1976),  quoted  in  Charles  H.  Smith, 
Production  Rate,  p.  11. 
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Smith  found  some  date  correlation  in  programs  with  long  production 
histories.  He  concluded,  however,  that  the  model  is  valid  only  within  a 
single  program  and  is  not  transferable. 

3.5  J.C.  Benia  Model 


J.C.  Bemis  took  the  L.L.  Smith  model  and  substituted  unit  dost  for 

12 

and  applied  it  to  many  DoD  acquisition  programs.  His  model  takes  the 
form: 


uc  *  (k)  q“,xxx  r  -w* 


where : 

UC  is  the  unit  "fly  away"  cost  of  the  Qth  item  produced  at 
rate  R.  Constants  k,  .xxx  and  .yyy  are  determined  by 
regression  analysis  using  a  least  squares  fit  through  the 
data  points. 

A  physical  model  would  appear  as  shown  in  Figure  4: 


12 

John  C.  Bemis,  "A  Model  for  Examining  the  Cost  Implications  of 
Production  Rate,"  Concepts  4,  Ho.  2  (Spring  1981):  p.  85. 
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The  soalloped  surface  A  B  C  D  represents  the  solution  to  the  equation. 
Point  A  Is  the  highest  point  on  the  aurfaoe  and  corresponds  to  oost  of  the 
first  unit  produced  at  the  lowest  production  rate.  It  is  also  oalled  the 
"prime  unit  oost."  Hots  that  ourve  AC  is  a  oost  improvement  ourve  at  the 
lowest  production  rate  and  point  A  corresponds  to  the  first  unit  oost  of 
that  ourve.  The  surface  is  conoave  with  point  D  the  lowest  unit  oost. 

Another  feature  of  the  model  takes  advantage  of  the  faot  that  unit 
oost  oan  be  lowered  by  increasing  either  cumulative  quantity  or  produotlon 
rate  or  both.  Plotting  combinations  of  cumulative  quantity  and  production 
rate  which  yield  the  same  unit  cost  will  describe  an  isooost  line.  In 
other  words,  all  points  on  an  isooost  line  will  have  the  same  unit  cost.  A 
family  of  isooost  linos  is  shown  in  Figure  5  below. 


FIGURE  5 


If  the  Beaia  model  la  plotted  using  log  values,  a  plane  aa  shown  in 
Figure  6,  rather  than  a  oonoave  surfaoe,  will  reault. 


If  a  ball  were  placed  at.  point  A,  aa  in  Figure  7,  and  were  allowed  to 
roll  down  the  surface,  it  would  follow  the  straight  line  path  AB. 


FIGURE  7 


The  path  would  ba  datarainad  by  the  slop*  of  tho  laproveaent  ourve  4C 
and  tha  tha  alopa  of  tha  rata  ourve  Ah.  Path  AB  uould  ba  daaorlbad  aa  tha 
raaultant  AB  of  two  foroas  AC  and  AO  as  shown  in  Figure  8: 


D  B 


FIGURE  8 


Sinoa  only  tha  dlraotlon  of  tha  foroa  AB  la  important  and  not  tha 
■agnitude,  only  tha  relative  nagnltudes  of  foroas  AC  and  AO  ara  naadad.  To 
find  tha  ralatlva  aagnltuda  of  foroa  AC,  consider  tha  faoa  ACFE  of  tha 
thraa-dlaanslonal  aodal  In  Pigura  7  above.  Aa  shown  In  Figure  9,  a 
constant  foroa  of  gravity  will  ba  acting  along  AB.  This  foroa  has  a 
component  AC  parallel  to  tha  surface  and  a  ooaponent  CS  perpendicular  to 
tha  surface. 


A  horizontal 


FIGURE  9 
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AC  »  k  oos  (90°  -  9) 

AC  *  k  sin  0 
AC*  sin  0 

AC  *  tan  9  ( for  sasll  angles) 

9  is  the  angle  that  the  log  cumulative  quantity  ounra  Bakes  with  ths 
horizontal*  Ths  tangent  (slops)  of  9  is  ths  exponent  .xxx  in  ths  improve¬ 
ment  curve  equation: 


unit  oost  *  (k)  q”**** 

(k  *  first  unit  oost  on  the  improvement  ourve) 

So  the  foroe  along  AC  is  directly  proportional  to  .xxx.  Likewise,  for 
small  angles,  the  force  along  AO  (Figure  7)  is  direotly  proportional  to  the 
exponent  .yyy  of  a  rate  ourve  in  an  equation: 

unit  oost  «  (k') 

(k'  =  first  unit  oost  on  the  rate  ourve) 

Therefore,  to  find  the  direotioo  of  foroe  AB,  the  path  of  the  ball  in 
Figure  8,  the  following  foroe  diagram  may  be  plotted: 


.xxx 

FIGURE  10 
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To  plot  this  on  log-log  paper,  ths  printed  graph  linss  srs  ignorod  and 
a  linaar  aoala  is  usad  to  plot  .xxx  and  .yyy.  Aa  long  as  tha  sasa  soala  is 
usad  to  plot  .yyy  and  .xxx,  tha  absolute  soala  salaotad  is  ioMtarial. 

To  aaa  tha  oharaoteristios  of  path  AB,  lat  us  look  again  at  tha  three- 
dlaana tonal  sodal  plotted  on  log-log  scales  and  with  isocost  Unas  added: 


figure  u 

This  tine  tha  isooost  lines  are  straight  and  the  path  AB  is  perpen¬ 
dicular  to  then.  This  is  logioal,  sinoa,  if  the  isooost  lines  are  thought 
of  as  contour  lines,  a  ball  rolling  down  the  surface  will  follow  tha 
steepest  path,  or  one  perpendicular  to  tha  oontour  lines. 


This  nay  be  thought  of  as  a  possible  practical  path  to  follow  during 
the  build  up  stage  of  production.  It  is  not  the  most  eoonoaioal,  whioh 
would  be  one  whioh  started  at  the  highest  possible  rate,  produced  at  that 
rate  until  the  required  quantity  was  reaohed  and  then  stopped.  For  najor 
DoD  systems,  this  is  not  practical  and  a  planned  build  up  to  an  EPR  is 
required.  However,  onoe  the  Eocnoaic  Production  Rate  (EPR)  has  been 
reached,  it  should  be  maintained  until  the  end.  The  theoretical  path  in 
three  dimensions  with  its  projections  is  as  shown  on  the  next  page. 


Figure  12B  showing  s  "bent"  improvement  ourve  Is  similar  to  ons 
desorlbed  by  Cox  and  Gansler^  as  resulting  fros  produolng  while  increas¬ 
ing  the  production  rate.  It  Is  the  projection  of  the  top  view  (12D), 
however,  that  is  aost  interesting.  The  slope  of  the  isooost  lines  indi¬ 
cates  the  relative  weight  of  ouaulative  quantity  to  rate.  For  example ,  the 
following  three  diagrams  in  Figure  13  show  patterns  of  isooost  lines. 


A.  B. 

RATE  BALANCED 

FAVORS) 

FIGURE  13 


C. 

CUMULATIVE 

QUANTITY 

FAVORED 


In  eaoh,  the  isooost  lines  furthest  froa  the  origin  represent  lower  unit 
oosts  than  those  olosest  to  the  origin.  The  objeotlve,  then,  is  to  move  as 
qulokly  as  possible  froa  the  starting  point  (a  point  on  the  T  axis)  to  the 
lowest  unit  isooost  line  before  aost  of  the  produotion  occurs .  Figure  13A, 
"Rate  Favored",  depiots  a  situation  in  whloh  the  slope  of  the  rate  curve  is 
greater  than  the  slope  of  the  iaproveaent  curve.  A  program  with  this  type 
of  graph  is  less  adapted  to  long-term,  low-level  produotion  than  the  other 
two  oases.  A  low  isooost  line  oan  be  reaohed  by  rapidly  inoreaalng  the 
produoton  rate.  This  high  rate  should  be  aalntalned  until  the  required 
quantity  has  been  produoed.  On  the  other  hand,  a  prograa  with  a  graph  suoh 

^Larry  W.  Cox  and  Jaoquea  S.  Oansler,  "Evaluating  the  Iapaot  of 
Quantity,  Rate,  and  Coapetitlon  for  Produotion  of  Weapon  Systems," 
(Arlington,  Virginia:  The  Analytical  Solenoes  Corporation  (15  May  1981)), 
pp.  *-3,  *»-*,  *1-5. 
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as  13C  "Cumulative  Quantity  Favored",  is  aors  adaptable  to  low-level 
produotion  than  a  "rate  favored"  program.  This  is  evident  if  one  observes 
that  isooost  lines  are  out  more  readily  by  emphasizing  cumulative 
quantity,  rather  than  by  inoreasing  produotion  rate  even  though  both 
notions  will  reduoe  unit  oost. 


Figure  1h  illustrates  that  the  path  perpendioular  to  the  isooost 
lines  is  the  shortest  path  between  them.  Since  AC  is  shorter  than  either 


FIGURE  15 


AB  or  AO,  it  is  an  "effioient"  path  to  follow.  Note  also  that  it  is  the 
slope  of  AC  that  is  important.  If  produotion  had  started  at  a  higher  level 
A'  (Figure  15),  A’C*  would  be  the  perpendioular  to  the  isooost  lines  at  the 
starting  point  A*  and  would  have  the  same  slope  as  AC. 


v. 


3*1 


.\Lb  f. 
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OQBSTBAIITS  A*D  LIMITATION 


A  major  constraint  in  this  study  was  tha  lack  of  aoourata  data. 
Manufacturers'  production  oosts  were  sought,  but  suoh  information  is 
proprietary  and  closely  held  by  the  companies.  The  oost  data  used  were  the 
best  available,  but  did  oontain  known  and  unknown  inaoouraoies. 

14 

The  Bemis  model  has  not  been  independently  validated  by  a 
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thorough  study.  His  nodel  is  an  extension  of  the  L.L.  Smith  equation 
that  used  direct  labor  hours  per  pound  of  airframe  as  the  dependent 
variable.  The  Bemis  model  as  it  is  being  used  today,  uses  "flyaway"  unit 
oost  that  inoludes  government  furnished  equipment  (GFE)  and  fee.  To  the 
extent  that  these  oosts  are  not  related  to  procurement  rate,  error  has  been 
introduced.  The  high  correlation  faoto-s,  found  over  two  years  of  working 
with  the  model,  do  suggest  a  relationship  between  unit  flyaway  oost  and 
production  rate,  but  correlations  suoh  as  these  oould  be  caused  by  multi- 
oolinearity  resulting  from  an  interdependence  between  the  independent 
variables  of  cumulative  quantity  and  production  rate. 

All  oosts  of  an  item  are  not  inoluded  in  the  analysis  of  the 
programs  studied.  Separate  analyses  of  Government  Furnished  equipment/ 
government  furnished  material  (GFE/GFM)  should  also  be  performed,  Just  as 
has  been  done  for  the  prime  oontraotor.  Also,  vendors  and  subcontractors 
should  be  studied  separately.  The  effect  of  rate  on  oost  will  finally  be 
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John  C.  Bemis,  "A  Model  for  Examining,"  p.  84. 

15 

Larry  L.  Smith,  "An  Investigation  of  Changes  in  Direot  Labor 
Requirements,"  quoted  in  femis,  "A  Model  for  Examining,"  p.  85. 


lost  when  the  demand  of  a  single  program  does  not  significantly  change  the 
produotion  rate  of  the  manufacturer.  Thus,  the  costs  of  third  and  fourth 
tier  vendors  are  not  significant  unless  they  create  ohoke  points. 

The  aoouraoy  required  is  a  function  of  the  level  at  whioh  the  analysis  will 
be  used  to  make  deoiaions.  DoD  will  likely  round  off  the  figures  at  a  muoh 
higher  level  than  will  the  government  program  office,  which,  in  turn,  will 
not  need  figures  as  aoourate  as  those  required  by  the  prime  oontraotor. 

Unit  oost  predictions  using  the  Bemis  model  decrease  in  aoouraoy 
when  the  rate  and  quantity  are  extrapolated  beyond  the  input  data.  In  this 
study  the  most  tenuous  prediction  is  for  the  M-1  tank  program  in  whioh  oost 
was  predioted  for  a  rate  twioe  that  of  the  input  data.  This  extreme 
extrapolation  is  supported  somewhat  in  this  oase  beoause  the  existing 
facilities  and  processes  were  ohosen  with  the  higher  rate  as  a  goal. 

Finally,  most  ohanges  in  manufacturers '  faoilities  and  the  config¬ 
uration  changes  of  the  items  were  ignored  in  this  study.  Large,  known 
deviations  suoh  as  the  produotion  breaks  in  the  A-6E  program  were  noted, 
but  smaller  ohanges  were  not.  This  lack  of  detail  requires  that  the 
results  of  the  analyses  of  the  five  programs  be  interpreted  only  on  a  naoro 
soale. 
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5. DATA 


Early  in  this  study  it  was  discovered  that  tha  oolleotion  of  detailed 
data  would  be  a  problea.  The  most  readily  available  data  were  from  the 
five  Year  Defense  Plan  and  Program  Objectives  Memorandum.  However,  theme 
were  predictions.  They  do  not  oonvey  the  many  problems  that  arise  during 
aotual  production.  These  data  oontained  fee  and  other  ooata  not  subjeot  to 
rate  changes.  Therefore,  a  oonoerted  attempt  was  made  to  obtain  data  that 
reflected  the  prime  oontrao tors'  ooata. 

The  data  used  were  obtained  from  government  souroea  in  the  Offioe  of 
the  Deputy  Chief  of  Staff,  Research,  Development  and  Acquisition  (Amy), 
the  program  offioea,  NAVAIR  Coat  Analysis  Division,  Hqa.  Air  Force  Systems 
Command,  and  the  Aeronautical  Systems  Division  cost  library  at  Wright- 
Patterson  AFB.  During  visits  to  these  looations,  the  definition  of  BPR  was 
refined. 
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6.  CALCULATIONS 


Exoept  for  the  three-month  FY  76T  period,  whioh  was  handled  on  an 
individual  program  basis,  eaoh  fisoal  year  raw  datum  point  used  in  the 
regression  analysis  was  identified  by  the  logarithm  of  three  coordinates, 
whioh  were  found  as  follows: 

rate  of  production  *  quantity  of  items  produoed  in  the  FY 

unit  cost  =  manufacturer’s  total  FY  cost  ♦  total  number 

of  items  produoed  in  the  FY 

cumulative  quantity  =  the  arithmetic  midpoint  of  the  quantity 

produoed  plus  the  total  quantity  produoed 
before  that  FY  (The  arithmetic  midpoint 
was  used  for  ease  of  calculation.  The 
algebraio  midpoint  would  be  more  aoourate.) 

Eaoh  of  these  three  values  ms  oonverted  to  its  logarithm  and  the  point 

thus  identified  was  used  as  input  to  the  analysis.  The  oomputer  program 

found  the  best  fit  line  through  the  points  and  provided  the  exponents  and 

logarithm  of  the  constant  in  the  equation  whioh  was  described  previously: 

uc  =  (k)  q~,xxx  R-m 

Although  many  oaloulations,  including  linear  regression  analysis, 

were  made  using  hand-held  calculators,  the  multiple  regression  analyses 

and  linear  regression  analyses  conducted  for  record  were  done  on  the  Boeing 

Computer  Services  Co.  program  "STATPK."1^  Summation  oaloulations  that 

integrated  cost  over  years  were  also  done  on  the  "POM-84"  program  made 

17 

available  through  the  DoD  Produot  Engineering  Servioes  Offioe  (PESO). 

^Boeing  Computer  Servioes  Company,  "Mainstream-CTS :  Interactive 
Statistics  Package  (STATPK),”  Manual  No.  10201-019-R1 ,  Maroh  1978. 

17 

Department  of  Defense  Produot  Engineering  Servioes  Offioe,  Defense 
Logistios  Agenoy,  "POM-84"  oomputer  program. 
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o  A  dear,  oonoise,  aeoeptable  definition  of  EPR  was  not  found 
among  the  theoretioal  models  studied.  Therefore,  it  was 
neoessary  to  establish  a  definition  through  compromise.  The 
definition  established  oovers  most  situations,  is  quantifiable, 
and  gives  praotic&i  results. 

o  Historio  data  and  a  mixture  of  historio  and  predicted  data 
showed  excellent  multiple  correlations  between  log  rate,  log 
cumulative  quantity,  and  log  unit  cost. 

o  When  Foreign  Military  Sales  are  anticipated,  the  FMS  must  be 
taken  into  acoount  in  determining  the  EPR.  Commercial  sales,  if 
any,  should  also  be  considered. 

o  On  a  graph  displaying  the  log  production  rate  versus  the  log 
cumulative  quantity,  the  slope  of  the  isocost  lines  derived  from 
a  regress!”'  analysis  indicates  the  relative  importance  of  the 
production  rate  and  cumulative  quantity  to  an  item's  production 
unit  oost. 

o  For  the  programs  studied,  the  most  common  reason  given  for  not 
being  able  to  produoe  at  the  EPR  was  affordability.  This  was 
oaused  pac  t  bv  low  priority  of  the  defense  systems  (e.g., 
A-10)  and  a  higher  inflation  than  anticipated  (e.g.,  FVS,  M-1). 
In  the  oase  of  the  M-1,  the  oost  of  faoilitization,  rather  than 


the  number  of  production  items,  affected  the  EPR.  Another 
reason  for  not  producing  at  the  BPR  was  to  keep  the  production 
base  warm  until  a  replacement  system  had  been  designated  (e»g», 
A-6E).  Still  another  reason  for  a  low  rate  of  production  was 
that  there  was  not  an  identified  requirement  for  a  follow-on 
system  (e.g.,  TOW). 


8.1  Recommendationa  for  lotloo 


8.1.1  The  definitions  of  eoonoaio  production  rate  and  eoonomio 
procurement  rate  be  aooepted  and  disseminated  widely 
throughout  the  defense  acquisition  oonmunity.  EPR  must  be 
defined  before  the  associated  (baseline)  unit  cost  oan  be 
established. 

8.1.2  In  conjunction  with  the  budget  oyole,  program  offioes 
should  report  the  following  information  to  their  higher 
headquarters  for  evaluation  and  possible  action  to  reduoe 
unit  cost: 

a.  Present  and  projected  levels  of  procurement  with  asso¬ 
ciated  unit  costs. 

x 

b.  Eoonomio  production  rates  of  prime  and  major  subcon¬ 
tractors. 

o.  The  eoonomio  procurement  rate  for  the  system  and  the 
associated  unit  oost. 

d.  Contingency  levels  (with  unit  costs)  higher  and  lower 
than  the  eoonomio  procurement  rate  that  will  effec¬ 
tively  use  available  or  planned  industrial  resources. 

e.  Ways  and  means  to  reduoe  the  average  unit  cost  of  the 
system  by  lowering  the  eoonomio  production  rates  of 
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the  oontraotors  or  raising  the  planned  procurement 
rates  of  the  system. 

8.1.3  Produotion  oontraots  should  be  written  to  anticipate 
ohanges  in  produotion  rates  and  the  quantity  of  the  lteas 
to  be  produoed.  As  Dr.  C.H.  Smith  has  suggested,  "The 
government  should  require  oontraotors  to  explain,  as  part 
of  their  proposals,  the  mechanism  for  aoooamodating  rate 
ohanges. *  Another  approach  would  be  to  ask  for  a  contrac¬ 
tor  committment  to  costa  at  several  rates.  These  preplan¬ 
ned  rate  levels  would  be  similar  to  the  -1  and  -2  levels  of 
Example  3  in  paragraph  2.3.  The  data  that  will  be  needed  by 
the  government  to  independently  estimate  the  effeot  of  a 
rate  change  on  unit  oost  should  be  inoluded  in  the 
contract. 

8.1.4  Defense  systems  produotion  data  should  be  systematically 
oolleoted  for  analysis  of  the  possibility  of  oost  savings 
and  for  validation  and  refinement  of  oost  models. 
Presently  suoh  data  is  sparse  and  decentralized.  Two  argu¬ 
ments  for  maintaining  the  detailed  data  at  the  service 
level  or  below  are:  (1)  the  data  are  often  oontraotor 
sensitive,  and,  (2)  exoept  for  aircraft,  there  are  only 
limited  similarities  of  systems  between  servioes.  General 
figures  on  produotion  schedules  and  prioes  oould  be 
usefully  centralized  at  the  DoD  level,  perhaps  by  the 
Defense  Logistios  Agenoy  (DLA). 
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8.2 


for  Further  Study 


8.2.1  Further  verify  the  Benia  model  by  a  detailed  study  of 
hiatorio  data  fron  DoD  programs.  Estimated  unit  ooat 

ohangea  from  production  rate  changes  should  be  oompared 
with  aotual  unit  oost  ohanges.  This  or  a  similar  model  is 
needed  in  order  to  quantify  unit  oost  variations  correspon¬ 
ding  to  production  rate  ohanges.  The  Bemis  model  is 

attractive  beoause  it  uses  data  reasonably  available  to  the 
government,  is  simple  to  use,  and  is  very  flexible. 
However,  the  following  two  limitations  of  the  model  should 
be  specifically  studied: 

a.  To  the  extent  that  cumulative  quantity  and  production 
rate  are  dependent  on  eaoh  other,  the  regression 
analysis  of  the  Bemis  model  will  be  adversely 
affected.  A  direot  correlation  between  the  two  exists 
during  the  build-up  phase  of  production,  but  suoh  a 
relationship  is  not  obvious  during  long  production 
runs.  This  relationship  should  be  studied  to  deter¬ 
mine  its  effeot  on  the  validity  of  the  Bemis  model. 

b.  The  implications  -r  a  positive  rate  exponent  or  cumu¬ 
lative  quantity  exponent  should  be  studied.  Either  of 
these  would  indicate  "dislearning"  and  an  increasing 
unit  oost  with  increasing  rate  or  cumulative  quantity. 
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Both  of foots  ore  possible ,  but  eotuel  osses  should  be 
studied  olosely  to  identify  the  oouses. 

8.2.2  Study  the  problem  of  smoothly  phasing  out  one  program  while 
phasing  in  another  program  at  a  manufacturing  plant.  A 
related  study  oould  be  oonduoted  on  the  overlapping  effeots 
of  multiple  systems  sharing  the  same  manufacturing  facili¬ 
ties. 

8.2.3  Study  the  optimization  of  a  spec tram  of  programs,  rather 
than  the  optimization  of  only  a  single  program.  Programs 
in  which  rate  changes  have  the  greatest  effeots  can  be 
identified  by  the  slopes  of  the  isocost  lines.  This  infor¬ 
mation  oan  be  used  to  indioate,  from  an  eoonomio  point  of 
view,  whioh  programs  would  be  substantially  affected  and 
whioh  would  be  only  mildly  affeoted  if  their  proouremeat 
rates  were  ohanged.  Other  solutions  to  the  exoess  produc¬ 
tion  oost  problem  may  become  evident,  but  the  question  of 
whioh  programs  oan  aooomnodate  a  change  to  the  production 
rate  with  minimal  effeot  on  the  unit  oost  is  important  if 
overall  defense  spending  is  to  be  made  more  effioient. 

8.2.4  Develop  a  multivariate  sredel  that  will  incorporate  both 
eoonomio  and  non-eoonomio  faotors.  SPR  is  only  one  of  the 
many  eoonomio  faotors  that  influence  the  rate  and  quantity 
of  defense  systems  acquisition.  The  results  of  BPR 
analysis  should  be  weighed  against  the  effeots  of 
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competition,  tht  type  of  oontraot,  and  a  multitude  of  other 
eoonbmio  considerations.  At  the  same  time,  the  effeots  of 
non-eoonomio  faotors,  suoh  as  politioal  and  user  require¬ 
ments,  should  be  evaluated.  Finally,  both  eoonomio  and 
non-eoonomio  considerations  should  be  reoonoiled  to  estab¬ 
lish  the  best  produotion  rate  and  quantity  sohedule  under 
the  oiroumstanoes.  Suoh  a  model  would  be  very  useful,  not 
only  in  arriving  at  a  final  decision  but,  also,  in  system¬ 
atically  exploring  the  effeots  of  all  the  combinations  of 
faotors  in  the  fluid  environment  of  systems  acquisition. 

Thoroughly  study  a  very  simple  acquisition  program  that  has 
good  documentation.  This  study  oould  determine  the  useful¬ 
ness  of  the  definition  of  EPR  proposed  in  this  study. 
Although  it  is  evident  that  money  oan  be  saved  by  reduoing 
manufacturing  unit  oost,  the  analysis  must  be  kept  as 
simple  a  possible  in  order  to  avoid  plaolng  an  excessive 
burden  on  the  program  offioe.  As  with  other  new  require¬ 
ments,  the  benefit  must  be  shown  to  far  outweigh  the  oost. 
In  order  to  determine  the  proper  level  of  emphasis  to  be 
plaoed  on  EPR,  the  following  questions  raised  by  this  study 
should  be  answered: 

a.  What  is  the  aoouraoy  of  the  Bemis,  C.H.  Smith,  L.L. 

Smith  and  Balut  models? 
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b.  What  ia  the  effeot  on  aanufaoturlng  unit  ooat  of 
ohanges  to  the  rate  of  production  at  both  the  prime 
oontraotor  and  the  auboontraotor  levela? 
o.  How  practioal  ia  it  to  reduoe  or  redeploy  induatrial 
reaouroea  to  meet  lower  production  schedules? 
d.  Ia  there  an  aoeurate  model  that  oan  acoept  flyaway 
ooat  or  unit  prioe  as  input? 

8.2.6  The  Defense  Acquisition  Researoh  Element  (DARE)  should 
sponsor  a  meeting  of  those  persona  who  have  contributed  to 
the  basic  theory  of  EPR.  The  purpose  of  the  meeting  would 
be  to  find  a  bridge  between  EPR  models  that  are  theoreti¬ 
cally  aoeurate,  but  often  impractical,  and  those  that  are 
praotioal,  but  theoretically  weak. 
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ABRAMS  H-1  TANK  ANNEX 


A-1.  General  Background  and  Data  Souroes 

The  Abrams  M-1  tank  Is  produced  by  General  Dynamlos  at  two  locations  - 
Warren,  Miohigan,  and  Lina,  Ohio.  Although  final  assembly  takes  place  In 
both  plants,  each  plant  produoes  some  components  used  by  the  other  plant. 
The  government  program  office  Is  looated  In  Warren  and  reports  to  the  U.S. 
Army  Materiel  Development  and  Readiness  Command  (DARCOM). 

Manufacturing  and  final  assembly  at  both  locations  take  place  In 
government-owned  contractor-operated  (GOCO)  plants.  The  government  owns 
the  buildings  and  machinery.  Neither  manpower  nor  material  Is  a  limiting 
factor;  therefore,  facilitlzation  determines  the  economic  production  rate. 
The  term  "faoilitlzation"  is  used  to  refer  to  plant  space,  machinery, 
tooling  and  test  equipment.  Responsibility  for  the  level  of  facilita¬ 
tion  is  shared  between  General  Dynamlos  and  the  government.  General 
Dynamlos  reoommends  processes  and  equipment  and  is  responsible  for  imple¬ 
menting  the  production  plan.  The  government  provides  the  funding.  Another 
unique  aspect  of  a  GOCO  plant  in  this  study  is  that,  sinoe  the  government 
owns  the  plant  and  machinery,  oharges  for  fixed  overhead  do  not  stop  when 
production  oeases;  instead,  they  revert  from  the  program  to  the  service. 
For  this  reason,  deoialon-makers  should  keep  in  mind  that  an  economical 
production  rate  for  the  program  may  not  be  economical  for  the  government 
beoauae  there  is  an  idle  plant  and  shut-down  machinery  after  the  end  of 
production. 
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|  Data  on  the  M-1  cane  from  government  program  office  figures  supplied 

by  the  Office  of  the  Deputy  Chief  of  Staff  Research,  Development  and 
Acquisition.  Only  General  Dynamics  manufacturing  oosts  were  used.  Cost  or 
government  furnished  equipment  (GFE)  was  omitted.  There  are  two  known 
sources  of  error  in  the  data.  First,  in  FY  79,  80,  and  81  some  unknown  cost 
for  the  vehicle,  engine,  transmission,  fire  control  systems,  and  gun  mount 
(all  of  whioh  were  later  incorporated  as  GFE)  were  inoluded  in  the  manufac¬ 
turing  cost.  Second,  advanced  procurement  cost  was  omitted  beoause  only  a 
partial  set  of  data  was  available.  Cost  data  used  in  the  regression 
analysis  to  derive  the  rate-cumulative  quantity-unit  oost  equation  are 
dated  27  May  1982. 

A-2.  Production  Rate 

Eoonomio  Production  Rate.  General  Babers,  then  Program  Manager,  in 

the  FY  81  House  Armed  Services  Committee  hearings  expressed  oonoern  about 

the  ability  of  the  second  and  third  tier  vendors  to  supply  components  at 
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the  levels  needed  for  expanded  production.  In  spite  of  this  oonoern,  the 
immediate  production  limitation  is  tooling  and  test  equipment. 

Four  monthly  rates  of  production  have  been  proposed:  60,  on  a  1-8-6 
sohedule;  90,  on  a  2-8-5  sohedule;  120,  on  a  2-8-5  sohedule;  and  150,  on  a 
3-8-5  sohedule.  The  latter  rate,  150/month,  is  considered  to  be  a  surge 

- iJj - 

U.S.  Congress,  House,  Armed  Services  Committee,  Hearings  on  the 
Department  of  Defense  Authorisation  for  Appropriations  for  Fisoal  Year 
1981.  96th  Cong..  2nd  seas..  1980.  p.  834. 


capability  and,  although  the  manufacturing  processes  are  designed  to 
accommodate  that  rate,  the  excess  capaoity  is  to  be  held  in  reserve. 

One  of  the  obstacles  associated  with  raising  the  rate  of  production 
has  been  the  ability  of  the  government  to  afford  facilities.  An  $811 
million  faoilitization  program  was  planned  using  an  inflation  rate  of 
about  5.5$.  Higher  actual  inflation  effectively  reduced  the  amount 
available  and  delayed  faoilitization. 

There  was  some  skeptioism  in  the  M-1  government  program  office  that 
unit  coats  would  continue  to  decrease  with  rates  above  the  level  of  about 
90  per  month.  Based  on  their  experience  with  the  M-60  tank,  it  was  thought 
that  second  shift  inefficiencies  would  raise  unit  cost.  It  was  acknow¬ 
ledged,  however,  that  fixed  overhead  oost  to  the  program  would  be  reduoed 
with  increasing  rate.  General  Babers,  in  testimony  before  Congress, 
stated  his  belief  that  overall  oost  would  continue  to  be  reduoed  as  the 
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production  rate  approached  150  per  month.  Since  then  however,  afforda¬ 
bility  considerations  have  limited  the  maximum  total  production  oapaoity 
to  90  units  per  month  which  is  now  considered  the  Economic  Produotion/Pro- 
ourement  Rate. 

The  rates  and  oosts  used  to  derive  the  ourve  are  as  shown  in  Table 
A-1.  Costs  are  in  millions  of  ourrent  year  dollars. 
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Ibid.,  p.  835 


Table  A-1.  Produotion  Rates  and  Costs 


FY* 

12 

80 

jh 

82 

84 

82 

Yearly 

Quantity 

90 

309 

569 

665 

776 

720 

720 

Manuf . 
Cost 

80.9 

239.3 

421.1 

462.4 

562.4 

559.3 

638.6 

FY* 

86 

81 

Yearly 

Quantity 

720 

720 

Manuf. 

Cost 

680 

724.3 

•  79-81 

rates  and 

oosts  are 

aotual. 

All  other 

oosts  are 

estimated. 

Future  Production  Rate.  At  the  time  of  this  writing  (November  1982) 
funds  to  support  the  future  produotion  schedule  of  the  M-1  were  being 
debated  in  the  Congress  and  there  was  no  firm  sohedule.  The  most  likely 
rate  is  60  per  month  until  the  total  quantity  of  7,058  tanks  is  reaohed. 


A-3.  Findings 

/ 

i* 

Using  the  data  above  in  the  Bemia  model,  multiple  regression  analysis 
gave  the  following  equation: 

UC  =  2.9827  Q"0,05160  R-0’1**75 

and: 

r2  =  0.9787 


A- 4 


r  =  0.9893 


This  corresponds  to  an  improvement  ourve  slope  of  96.59  and  a  rate  slope  of 
90.39.  The  effeot  of  rate  is  greater  than  the  effeot  of  quantity. 

Total  manufacturing  oost  for  production  from  FY  84  to  the  end  (total 
quantity  of  7058)  was  calculated  using  the  PESO  "POM  84"  computer  program, 
for  four  production  sohedules  with  the  results  as  shown  below  (an  inflation 
rate  of  6.69  was  used  for  FY  84  and  6.59  was  used  for  all  other  years): 

A.  FY  84-89:  60/month  or  720/year 
FY  90:  329/year 

total  manufacturing  cost  in  FY  83  ♦  =  3,433M 
total  manufacturing  oost  in  ourrent  dollars  =  4,380M 
average  unit  oost  in  FY  83  $  =  0.738M 
average  unit  oost  in  current  $  =  0.942M 

B.  FY  84-87:  90/month  or  1080/year 
FY  88;  329/year 

total  manufacturing  oost  in  FY  83  ♦  =  3,249M 
total  manufacturing  oost  in  ourrent  $  -  3.863M 
average  unit  oost  in  FY  83  $  s  0.699M 
average  unit  oost  in  ourrent  $  =  0.831M 

C.  FY  84:  90/month  or  1080/year 

FY  85-86:  120/month  or  1440/year 
FY  87:  689/year 

total  manufacturing  oost  in  FY  83  ♦  *  3,157M 
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total  manufacturing  coat  in  currant  $  3  3,6?4M 
average  unit  oost  in  FY  83  $  =  0.679M 
average  unit  oost  in  current  $  =  0.790M 

D.  FY  84:  90/month  or  1080/year 
FY  85:  150/month  or  1800/year 
FY  86:  1769 /year 

total  manufacturing  oost  in  FY  83  $  =  3,032M 
total  manufacturing  oost  in  current  %  3  3,471M 
average  unit  cost  in  FY  83  $  s  0.652M 
average  unit  oost  in  current  $  =  0.747M 


A-4.  Analysis  of  Findiii 


Bemis  model  estimates  of  savings  in  manufacturing  oosts  by  increasing 
the  production  rate  from  60 /month  to  higher  levels  are  shown  below: 


Maximum 
Production 
Rate _ 


Total  Cost  Savings:  FY  84  -  end 
(Compared  to  Cost  at  60/month) 


FY  83  8 


Current 


90 /month 


184M 


517M 


120/nonth 


276M 


706M 


150 /month 


401M 


909M 


There  were  Insufficient  date  to  use  other  models.  However,  General 

20 

Babers  in  congressional  testimony  estimated  a  total  program  oost 
reduo tion  of  $412.2  million  by  increasing  the  rate  of  produotion  to 
90/month. 

Figure  A-1  shows  the  isooost  and  rate  analysis.  Compared  with  the 
"rolling  ball  path,"  the  aotual  rate  increase  path  is  very  good  until 
60/month  is  reaohed.  The  figure  shows  that  the  isooost  lines  are  cut  more 
quiokly  by  continuing  to  increase  the  produotion  rate  as  before,  rather 
than  leveling  off  at  60/month. 


A-5.  Conclusion 


The  M-1  program  has  a  short  produotion  history  from  whioh  to  draw 
oonolusions.  For  the  regression  analysis,  historical  data  are  preferred 
over  predicted  data.  For  this  program,  a  number  of  predicted  oosts  were 
used  in  the  model,  but  these  were  oonfined  largely  to  a  single  rate  of 
60/month  and  any  distortion  they  may  cause  was  kept  to  a  minimum. 


The  program  has  followed  a  relatively  effioient  path  during  the  build 
up  phase  of  produotion.  The  graph  and  the  equation  show  that  the  program 
is  "rate  favored"  and  therefore  unit  oost  should  drop  signifioantly  with 
increasing  rate  of  produotion. 


20 Ibid. ,  p.  856. 
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ABRAMS  M-1  TANK 


V-2.8J27  Q-0.0S1M  R-0.U7« 


LEGEND 


£Sy  ^0sr- 


i  ■  1 

I  1440/vr 


7  •  •  10.000 


CUMULATIVE  QUANTITY 


PLANNED  PRODUCTION  SCHEDULE 

"ROLLING  BALL"  PATH 

POSSIBLE  STEADY  PRODUCTION  RATES 

ECONOMIC  PRODUCTION  RATE 

Figure  A-l  M-1  Abrams  Tank  Production 

Rate  vs*  Cumulative  Quantity 


It  Is  Important  to  nots  that  the  M-1  production  facilities  are  govern¬ 
ment-owned  and  eontraotor-operated;  therefore,  nuoh  of  the  fixed  overhead 
oosts  will  oontinue  after  the  M-1  program  is  oompleted.  If  the  faoilities 
oannot  be  used  or  sold  after  the  completion  of  the  M-1  program,  the 
oonstant  dollar  oosts  to  the  government  will  not  be  reduoed. 


I 


i 


.1 


BBAtABY  flQBTIHO  VBHICLS  3Y3T8M  AWW8X 
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B-1.  general  Background  and  Data  Sources 

There  are  two  versions  of  this  system:  a  Cavalry  fighting  Vehicle  and 
an  Infantry  fighting  Vehiole.  for  the  purposes  of  this  study  the  differ¬ 
ences  are  negligible  and  were  ignored.  The  fighting  Vehiole  System  (fVS) 
carrier  has  also  been  selected  as  the  transporter  for  the  multiple  launch 
rocket  system  (MLRS) ;  however,  any  oost  advantage  due  to  quantity  or  rate 
based  or.  the  MLRS  was  unknown  and  not  considered  in  this  study. 

There  are  several  major  subcontractors  involved  in  producing  the  fVS 
beside  the  prime  contractor,  FMC.  Those  considered  in  the  study  are  Hughes 
Airoraft  for  the  TOW,  General  Bleotrio  for  the  transmission  and  turret 
control,  and  Cummings  for  the  engine.  It  was  considered  neoessary  in  the 
study  of  this  program  to  include  the  major  subcontractors,  sinoe  their 
share  of  the  oost  is  approximately  equal  to  that  of  fMC. 

The  data  used  in  the  study  was  from  the  government  program  office  and 
provided  by  the  Of floe  of  the  Deputy  Chief  of  Staff,  Researoh,  Development 
and  Acquisition  (ODCSRDA).  Although  the  quantities  are  out  of  date,  they 
do  agree  with  the  costs  and  were  used  in  the  regression  analysis  to  arrive 
at  the  unit  oost-oumulative  quantity-rate  equation.  The  data  is  dated  18 
January  1982  and  is  in  esoalated  dollars.  Only  the  sum  of  all  contractor 
oosts  is  provided  here,  sinoe  that  is  the  basis  for  this  analysis. 
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fy 

22 

il 

22 

22 

84 

Quantity 

100 

400 

600 

600 

555 

Cost  (Eso.  M$) 

105.6 

380.8 

543.5 

623.1 

584.6 

FY  (Cont’d) 

22 

86 

21 

22 

22 

Quantity 

775 

1009 

958 

1080 

512 

Cost  (Eso.  M$) 

838.9 

1069.4 

1058 

1247.1 

979.5 

The  oost/quantity 

figures  above 

were 

used  to 

oaloulate 

generalised  equation  fron  the  Benia  model*  It  ia  not  neoeaaary  that  the 
quantity  figures  be  the  latest  planning  figures  in  order  to  do  this 
oaloulation  only  that  the  oost  and  quantity  association  be  valid. 


B-2.  Produotion  Rate 


The  latest 

information 

available 

showed  the  sohedule 

to  be  as 

follows : 

FY 

80 

21 

22 

22 

22 

Quantity 

100 

400 

600 

600 

600 

FY  (Cont'd) 

22 

22 

21 

22 

22 

Quantity 

830 

1080 

1080 

1080 

805 

The  eoonoaio  produotion 

rate  is  presently  1080 

items  per  year. 

B-3.  Findings 

Using  the  Bemis  model, 

regression 

analysis 

yielded  the 

following 

equation  for  the  Fighting  Vehicle  System: 
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UC  *  2.578  Q"‘ 10372  R“*04195  (PY  83$) 

where : 

UC  >  manufacturer's  unit  cost  of  the  Qth  item  produced 
at  rate  R 

Coefficient  of  multiple  correlation  (r)  a  .97195 
Coefficient  of  multiple  determination  (R2)  a  .94469 
Slope  of  improvement  ourve  a  93.15 
Slope  of  rate  ourve  a  97.15 

Here  the  effeot  of  quantity  is  greater  than  the  effect  of  rate. 

A  plot  of  the  planned  production  rate  and  isooost  lines  is  shown  in 
Figure  B-1 . 

B-4.  Analysis  of  Findings 

A  comparison  of  the  plot  of  the  planned  produotion  schedule  with  the 
isooost  lines  and  "rollirg  ball  path"  in  Figure  B-1  shows  a  good  build  up 
during  FY  80-82.  A  plateau  of  600 /year  is  held  until  FY  84,  after  which 
the  produotion  rate  rises  to  1080/year  in  1986. 

The  build  up  in  produotion  rate  is  efficient  until  the  plateau  at 
600/year  is  reaohed.  For  a  more  eoonomioal  produotion  schedule,  it  would 
be  best  to  oontinue  the  inorease  in  rate,  rather  than  have  a  pause  in 
produotion.  Costs  for  both  alternatives,  as  predicted  by  the  model,  are 
shown  below.  The  Initial  produotion  of  1100  systems  during  the  period  FY 
80-82  is  considered  common  to  both  alternatives  and  is  therefore  omitted 
from  both. 
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BRADLEY  FIGHTING  VEHICLE  SYSTEM 


molumc  mu.  mth  Figure  B-l  Bradley  Fighting  Vehicle 

Systems  Production  Bate  vs.  Cumulative  Quantity 


Planned  Production  Rate  PY  83  -  end  (a  total  of 6075  units) 
Note:  1100  unite  were  ppoduoed  previously 


PY  83  84  8§  86  07  88  8g 
Quantity  600  600  83O  1080  1080  1080  805 

The  above  figures  end  the  generalized  equation  from  the  Beals  model 
were  Input  to  the  DoD  Product  Engineering  Support  Office  (PESO)  POM- 84 
oomputer  program  and  the  summary  figures  below  were  generated.  To  use  the 
program  it  was  necessary  to  deflate  the  prime  unit  oost  from  2.578  (PY  83) 
to  2.403  (PY  82).  The  suomary  figures  below  are,  therefore,  in  PY  82 
dollars. 


Cost  in  PY  82  $  (M)  =  4689 
Cost  in  escalated  $  (M)  s  6179 

Average  manufacturing  unit  cost  in  PY  82  $  (M)  *  0.772 
Average  manufacturing  unit  oost  in  esoalated  $  (M)  =  1.017 


Boonomio  Production  Rate  PY  83  -  end  (  a  total  of  6075  units) 
Note:  1100  units  were  produoed  previously 

PY  8^  84  8§  86  87  §§  §2 

Quantity  750  900  100C  1080  1080  1080  185 

Cost  in  PY  82  $  (M)  *  4678 
Cost  in  esoalated  8  (M)  *  5972 

Average  manufacturing  unit  oost  in  PY  82  $  (M)  *  0.770 
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Estimated  savings; 

PI  82  $  (M)  a  4689  -  4678  a  11H 
Currant  $  (M)  a  6179  -  5972  a  207M 

B-5.  Conclusions 

Beoause  of  inflation  (9S  planned;  12$  actual)  and  limitations 
attributable  to  full-f unding  requirements,  tne  program  suffered  a  setback 
by  having  the  first  year  of  production  reduced  from  208  to  100.  Figure  B-1 
shows  that  if  production  in  the  first  year  had  remained  208  as  planned  for 
(point  80* ,  Figure  B-1),  the  build  up  rate  would  have  approximated  the 
"rolling  ball  path"  from  1980  to  1981. 

A  return  to  the  "rolling  ball  path"  during  PY  83-86  would  save  the 
program  an  estimated  $11M  (PY  82  dollars)  or  $207M  (ourrent  dollars).  Two 
factors  are  responsible  for  the  relatively  small  size  of  these  figures. 
First,  the  program  is  "cumulative  quantity  favored"  and  is  relatively  less 
sensitive  to  changes  in  production  rate  then  quantity.  Second,  the  program 
has  a  good  build-up  path,  exoept  for  the  plateau  at  600/year. 
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1-10  AIRCRAFT  ANNEX 


C-1.  General  Baokx round  and  Data  Souroes 

The  A- 10  is  a  twin-turbofan  aircraft  speoifioally  designed  to 
provide  an  air  support  capability  composed  of  olose  supporting  fire,  armed 
esoort,  and  armed  reconnaissanoe.  The  A- 10  was  produoed  by  Pairohild 
Industries  using  a  Fixed  Price  Incentive  Pee  type  oontraot  from  FY  75 
through  PY  79.  Since  FY  79,  the  A- 10  has  been  procured  using  a  Firm  Fixed 
Price  Contract. 

The  primary  data  for  the  A-10  was  taken  from  information  aoquired 
from  the  Aeronautical  Systems  Division  (ASD)  Cost  Library  at  Wright- 
Patterson  Air  Force  Base  (WPAFB),  Ohio.  The  data  was  oonfirmed  by  ASD  and 
A-10  program  office  personnel. 

The  primary  data  from  the  ASD  Cost  Library  was  the  A-10  DD  Form  1558- 
4  Cost  Information  Report  as  of  30  September  1981.  This  was  the  latest  DD 
Form  1558-4  on  the  A-10  program.  The  report,  as  of  30  September  1982,  will 
be  published  in  Deoember  1982.  The  Contractor  Cost  Data  Report  (CCDR) 
replaoes  the  DD  Form  1558-4.  The  DD  Form  1558-4  shows  the  FY  program  by 
quantity,  engineering,  tooling,  quality  oontrol,  manufacturing,  purchased 
equipment,  material  overhead,  suboontraot,  other  items  not  shown 
elsewhere,  and  total  oost  less  General  and  Administrative.  The 
engineering,  tooling,  quality  oontrol  and  manufacturing  categories  were 
further  broken  into  direct  labor  hours,  direot  labor  dollars,  overhead, 
materials  and  other  direot  oharges.  The  DD  Form  1558-4  provided 


manufacturing  and  overhead  coats.  The  manufacturing  costa  were  used  in  the 
Bemis  model.  Contractor  manufacturing  oosts  are  considered  the  best  oost 
information  upon  whioh  to  base  the  cumulative  quantity,  unit  oost,  and 
procurement  rate  analysis.  The  availability  of  overhead  oost  data  on  the 
A-10  was  a  bonus  that  enabled  us  to  also  use  the  C.H.  Smith  Model. 
However,  the  DD  Form  1558-4  does  not  separate  overhead  into  its  fixed  and 
variable  components.  Therefore,  we  took  the  total  overhead  oosts  and 
plotted  them  on  a  scatter  diagram  in  which  the  dependent  variable  (y  axis) 
is  overhead  cost  and  the  independent  variable  (x  axis)  is  the  number  of 
items  (A-IOs)  procured  per  year.  We  performed  a  regression  analysis  and 
developed  a  linear  equation  as  the  best  fit  of  the  data.  The  linear 
equation  was  a  straight  line  of  the  form  y  =  mx  +  b,  where  m  is  the  slope  of 
the  total  overhead  line  and  b  is  the  y  interoept.  The  y  intercept  is  also 
the  fixed  overhead  oost  per  year.  This  fixed  overhead  cost  was  used  in  the 
C.H.  Smith  model  to  enhance  our  analysis  of  the  A- 10  procurement  rate. 

The  other  important  ASD  Cost  Library  data  source  was  the  A-10  Cost 

21 

Management  Review  (as  of  31  Deoember  1981),  whioh  was  based  on  the 
analysis  of  A-10  Seleoted  Acquisition  Reports  (SAR).  This  review  provided 
a  comprehensive  and  aoourate  aooount  of  how  and  why  the  oost  to  the  A-10 
program  ohanged  sinoe  the  estimate  for  full-scale  development  was  approved 
by  the  Deputy  Secretary  of  Defense  in  May  1973* 


21 

Aeronautical  Systems  Division,  Air  Foroe  Systems  Command,  "A-10 
Cost  Management  Review,"  ASD  Cost  Library,  Wright  Patterson  AFB,  Ohio,  31 
Deoember  1981. 
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The  Air  Fore*  Systems  Command's  Airoraft  Acquisition  Program  Cost 
Summary,  Part  II  provided  ourrent  oost  data  as  of  3  Deoember  1981.  This 
data  inolude  an  PY  82  buy,  but  no  PY  83  buy.  This  data  provided  total 
procurement  oosts  of  $4572.3  million  (ourrent  year  dollars). 

The  ASD  and  A-10  program  personnel  provided  valuable  information  in 
addition  to  validating  the  information  we  gathered  from  other  souroea. 
examples  of  information  they  provided  are  the  A-10  procurement  delivery 
schedule  and  insight  concerning  the  Boonomio  Procurement  Rate  (BPR). 

C-2.  Procurement  Rate 

Boonomio  Procurement  Rate.  The  original  Development  Estimate  (DB)22 

was  prepared  on  the  assumption  that  the  A-10  could  be  procured  within  an 

average  unit  flyaway  oost  of  $1.5  million  (1970  $),  if  600  units  were 

prooured  at  a  rate  of  20  per  month;  however,  based  on  the  reoonmendation  of 

the  Office  of  the  Secretary  of  Defense  (OSD)  Cost  Analysis  Improvement 
23 

Group  (CAIG),  the  Deputy  Secretary  of  Defense  directed  that  the  DB  be 
revised  upward  to  make  it  consistent  with  an  average  unit  flyaway  oost  of 
$1.7  million  (1970  $).  The  A-10  produotion  was  never  faoilitized  to 
produoe  at  a  rate  of  more  than  12  airoraft  per  month  because  of  afford¬ 
ability  constraints.  Therefore,  the  BPR  was  12  A-IOs  per  month. 


22Ibid.,  p.  2. 
23Ibid.,  p.  2. 
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Aotual  Procurement  Rate.  All  oost  figures  in  this  seotion  are  in 
constant  PY  70  dollars.  The  aotual  procurement  rate  for  the  A- 10  resulted 

/ 

from  a  mixture  of  program  ohanges  directed  by  Congress ,  OSD  and  the  Air  / 


Poroe.  Changes  resulted  in  a  net  real  program  oost  growth  of  $593.7/ 
million  between  June  1973  and  Deoember  1981,  based  on  the  program  that 
includes  an  PY  83  buy.  These  changes  started  in  September  1973  when  the 

i 

Senate  Armed  Servioes  Committee  directed  the  Air  Poroe  to  conduct  a  flyofjf 

24 


between  the  A-7D  and  A-10.  This  was  done  from  15  April  through  9  May 
1974  at  Port  Riley,  Kansas.  An  independent  analysis  of  data  aocumulatid 
during  the  flyoff  by  the  Weapons  System  Evaluation  Group  confirmed  the  Jir 


Poroe  finding  that  the  A-10  performed  better  and  was  more  oost  effeotiVe 
than  the  A-7D.^  However,  the  time  required  to  complete  this  aotion  caused 


1 


a  slowdown  in  the  then  approved  A-10  development  program.  The  impact  of 
this  Congressionally  directed  A-7/A-10  flyoff  and  the  transfer  of  the 
Engine  Component  Improvement  Program  to  RDT&B  caused  a  total  RDT&B  program 
oost  increase  in  Deoember  1973  of  $23.3  million.  Also,  in  December  1973 
$5.1  million  user  funding  was  directed  to  be  sent  to  the  test  centers  that 
increased  the  program  support  oost  by  that  amount. 


An  adjustment  was  made  in  the  program  in  Maroh  1974  as  the  result  of 
revising  the  oost  estimating  methodology.  This  adjustment  reduced  the 
program's  estimated  procurement  oost  by  $20.6  million. 


24 

0.3.  Congress,  Senate,  Armed  Servioes  Committee,  quoted  in  Aero¬ 
nautical  Systems  Division,  "A-10  Cost  Management  Review,"  p.  2. 
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Aeronautical  Systems  Division, 


"A-10  Cost  Management  Review,"  pp. 


V 
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The  A-10  program  was  restructured  in  July  1974  to  refleot  Congres¬ 
sional  denial  of  PY  74  advanced  procurement  funds  and  direction  to  transfer 
four  DT&B  airoraft  from  RDT&B  to  procurement  funding.  The  revised  program 
also  reflected  an  inorease  from  18  months  to  20  months  for  the  PY  76  buy  of 
long  lead  items.  The  RDT&E  budgetary  impact  to  the  program  of  the  Congres¬ 
sional  funding  reduction  was  recorded  in  December  1973  as  $6.8  million. 
The  deletion  of  four  RDT&B  airoraft  in  September  1974  had  a  RDT&B  budgetary 
impaot  of  plus  $0.7  million.  Procurement  cost  increases  due  to  sohedule 
that  resulted  from  these  actions  included  $10.5  million  because  of  the 
sohedule  slip  and  $1.8  million  beoause  of  a  higher  learning  ourve  position 
oaused  by  the  reduced  RDT&B  quantity  of  airoraft. 

The  A-10  program  was  further  restructured  in  November  1974  after 
Congress  reduced  the  FY  75  funds.  The  FY  75  buy  was  changed  to  22  and  the 
deliveries  were  stretched  out  to  refleot  a  slower  buildup  to  the  rate  goal 
of  20  airoraft  per  month.  These  budgetary  constraints  inoreased  the  pro¬ 
gram  in  December  1975  by  $273.2  million. 

The  PY  77  budget  oontained  a  maximum  rate  of  15  airoraft  per  month 
with  proourement  ending  in  FY  80.  Budget  constraints  imposed  during  the 
preparation  of  the  FY  78  budget  resulted  in  the  reduotion  of  the  FY  78  buy 
year  proourement  quantity  from  173  to  144  airoraft  and  slipped  final  pro¬ 
ourement  to  FY  81.  This  reduotion  resulted  in  a  rate  of  12  airoraft  per 
month.  This  was  the  rate  at  whioh  the  program  was  faoilitized  to  produoe 
and  represents  the  BPR. 
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In  June  1978  the  SAR  reflected  an  increase  of  $8.8  Million  for  the 
Congresaionally  imposed  addition  to  tha  A- 10  of  an  Inartial  Navigation 
System  (INS). 

Congressional  aotion  on  tha  PI  79  Praaldent's  Budget  reduoad  tha  PI 
79  buy  froa  162  to  149  airoraft.  Thia  PI  79  reduction  and  raaultlng 
aohadula  atratoh  out  imposed  by  Congress  was  shown  in  tha  December  1978  SAR 
as  a  program  cost  increase  of  $25.3  million. 

The  PI  81  program  waa  reduced  from  106  to  60  airoraft  in  the  PI  81 
President's  Budget.  This  PI  81  reduction  and  schedule  stretch  direoted  by 
OSD  resulted  in  a  program  oost  increase  in  Deoember  1979  of  $40.0  million. 
At  this  time  46  airoraft  per  fisoal  year  were  added  in  PI  82  through  PI  84, 
increasing  total  program  quantity  by  92  airoraft.  The  schedule  component 
of  oost  increase  of  92  additional  airoraft  was  $110.4  million.  The  addi¬ 
tional  92  airoraft  also  increased  quantity  procurement  costs  by  $105.9 
million. 

The  PI  82  President's  Budget  terminated  the  program  in  PI  81  by 
deleting  138  airoraft  for  a  total  buy  of  687  aircraft.  The  amended  PI  82 
President's  Budget  added  60  airoraft  in  PI  82  for  a  total  of  747.  The  PI  82 
Amended  President's  Budget  was  revised  in  Ootober  1982  by  deleting  20  of 
the  60  PI  82  airoraft  and  deferring  6  A-10A  and  14  A-10B  airoraft  to  PI  83. 
The  produotion  and  delivery  sohedule  were  changed  frou  5  per  month  to  3  per 
month.  This  restructure  produced  an  PI  82  advanoed  procurement  require¬ 
ment  for  whioh  funds  were  not  authorized,  but  were  appropriated.  The  0SD- 
direoted  deletion  of  20  airoraft  in  PI  82,  and  deferment  of  20  airoraft  to 


FT  83,  caused  a  net  lnorease  in  the  program  of  $11*2  million.  This 
inoluded  inoreased  oost  beoause  of  lower  procurement  rate  (♦*13.8  million) 
and  deoreaaed  costs  beoause  of  the  reduoed  quantity  (-$32.6  million). 
Congress  cancelled  the  FT  83  procurement  request  for  20  A- 10s,  thus  termin¬ 
ating  the  total  Air  Foroe  A- 10  program  at  70?  airoraft. 

In  addition  to  the  above  Congressional-  and  OSD-dlreoted  program 
ohanges,  the  Air  Foroe  made  decisions  that  caused  ohanges  in  oost.  The  Air 
Foroe  decisions  resulted  in  a  net  real  oost  decrease  of  $8.7  all  Hon,  by 
reduoing  the  825  airoraft  program  (as  desorlbed  In  the  FT  81  President's 
Budget)  by  98  airoraft  in  the  FT  82  revised  Amended  President's  Budget  and 
reductions  due  to  esoalation  and  funds  withdrawals.  Program  quantity 
deoreases  offset  oost  lnoreases  due  to  avionios  enhancements  and  additions 
to  support  equipment  and  spares. 

The  net  impact  of  Congressional,  OSD,  and  Air  Foroe  directed  oost 
ohanges  was  a  program  oost  lnorease  of  $593*7  million  based  on  the  program 
with  a  FT  83  buy  of  20  airoraft.  This  program  shows  rate  reductions  from 
the  planning  rate  of  20  to  15  and  then  from  15  to  12  (EPR  rate  faoilitized 
to)  to  5  in  FT  81  and  finally  to  3  airoraft  per  month  in  FT  82.  The  amount 
of  inoreased  procurement  oost  attributed  to  lower  production  rate  from  the 
faollltlsed  EPR  of  12  A- 10s  per  month  to  5  and  below  was  $43.8  million. 
However,  Congress  out  the  program  without  the  FT  83  buy  of  20  airoraft. 
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C-3.  findings 
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Benia  Model  results  for  the  A- 10.  Ths  data  for  tha  1-10  alroraft  was 
input  to  tha  Baals  PBSO  multiregresslon  nodal  aftar  conversion  of  tha  A- 10 
unit  oost  froa  ourrent  to  PY  83  oonstant  dollars  (used  as  a  baseline  for 
this  rasaaroh  study).  The  Baals  PBSO  aodel  was  run  using  tha  methodology 
explained  in  the  general  body  of  this  report  to  obtain  tha  following 
aquation:  UC  s  11.08  r“*0^2.  The  ooeffioient  of  multiple  oor- 
relation  (r)  is  0.98  and  tha  ooeffioient.  of  multiple  determination  (R  )  is 
0.92.  This  means  that  92  peroent  of  the  variation  of  the  unit  oost  is 
explained  by  variation  of  the  independent  variables  cumulative  quantity 
and  rate  of  produotion.  Table  C- 1  shows  the  aotual  A- 10  alroraft  PY 
procurement  quantities  (PY  75  through  PY  81),  manufacturing  unit  oost  (PY 
83  oonstant  dollars) ,  and  the  program  quantity  that  would  have  been 
produaed  at  the  EPR  of  12  per  year.  The  PY  82  buy  quantity  was  not  used  to 
derive  the  A- 10  ourve  because  there  was  no  manufacturing  cost  data 
available  for  PY  82.  The  20  alroraft  programmed  for  PY  82  bring  the  total 
to  the  oorreot  quantity  of  707  A- 10s  to  be  procured. 
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Table  C-1.  A-10  Manufaoturina  Unit  Coat. 


PY  75 

PY  76« 

PY  7T*  PY  77 

E3L78 

PY  79 

PY  80 

PY  81 

Total 

Aotual 

Qtys 

22 

30 

43 

100 

144 

144 

144 

60 

687 •• 

Manufao- 
turing*** 
Unit  Cost 

7.601 

5.040 

4.549 

4.017 

3.854 

3.565 

3.544 

3.5 

Program 

QtyMftft 

at  BPR 

22 

30 

43 

100 

144 

144 

144 

80 

707 

Notes: 


•» 

••• 

•••• 


The  FY  76  and  PY  7T  period  of  15  months  was  divided  by  the 

A-10  Program  Offioe  into  A  and  B  procurements  that  result¬ 
ed  in  two  equal  delivery  periods.  In  the  ohart  the 
PY  76  represents  the  A  and  PY  7T  represents  the  B  procure¬ 
ment  quantities. 

The  687  total  does  not  include  the  PY  82  buy  of  20  airoraft. 

The  unit  aost  is  in  millions  of  PY  83  oonstant  dollars. 

The  BPR  quantity  inoludes  the  FY  82  buy  of  20  airoraft. 


C.H.  Smith  Model  results.  Me  derived  the  fixed  overhead  oost  using 
linear  regression  analysis  and  the  procedure  described  under  General  Back¬ 
ground  and  Data  Souroes.  We  found  the  y  intercept  or  fixed  overhead  oost 

to  be  $46.4  million  per  year  in  PY  83  oonstant  dollars.  The  ooeffioient  of 

2 

correlation  (r)  is  .935  and  R  is  .874.  This  means  that  87.4  peroent  of 
the  variation  of  the  overhead  oost  is  explained  by  the  independent  variable 
(the  number  of  A-I0s  produoed  per  year).  Procurement  at  the  BPR  rate 
permits  oompletion  of  procurement  of  the  current  program  total  of  707  air¬ 
oraft  in  approximately  seven  months  after  the  start  of  the  PY  80  delivery 
period,  versus  at  the  end  of  the  PY  82  delivery  period  as  it  is  in  the 
•ctual  program.  The  government  will  pay  for  the  total  fixed  overhead  for 
PY  81.  Thus,  the  BPR  program  saves  one  year  of  fixed  overhead  costs  or  (1 
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year)  x  ($46.4  million/year)  *  $46.4  million.  These  results  war*  based  on 
tha  program  through  PY  82.  If  Congrass  hid  not  terminated  tha  program 
without  tha  PY  83  buy  tha  government  would  have  paid  for  two  years  of  fixed 
overhead  or  $92.8  million  (PY  83  oonstant  $). 


Cost  comparison  results  for  the  4-10.  These  results  were  derived 
using  the  Bemis  modal.  Table  C-2  shows  the  comparison  of  total  procurement 
oost  in  oonstant  and  ourrent  year  dollars  for  the  program  at  the  aotual  and 


BPR  rates: 

Table  C-2.  4-10  Proourement  Costs. 

(Dollars  in  millions  rounded  to  nearest  tenth) 


EU5 

PY  76 

PY  7T 

PY  77 

PY  78 

E3LI2 

PY  80 

PY  81 

PY  82 

Total 

Aotual 

Program 

Aotual 

Rate 

22 

30 

43 

100 

144 

144 

144 

60 

20 

707 

Total 

Cost 

(Constant 
PY  83  $) 

158.9 

166.3 

210.3 

426.4 

548.8 

511.3 

486.9 

203.3 

69.7 

2781.9 

(Current 

dollars) 

81.1 

90.5 

122.9 

253.7 

356.4 

366.0 

385.1 

175.4 

64.9 

1896.0 

BPR 

Program 

BPR 

22 

30 

43 

100 

144 

144 

144 

80 

707 

Total 

Cost 

(Constant 
PY  83  $) 

158.9 

166.3 

210.3 

426.4 

548.8 

511.3 

486.9 

271.1 

0 

2780.0 

(Current 

dollars) 

81.1 

90,5 

122.9 

253.7 

356.4 

366.0 

385.1 

233.9 

0 

1889.6 

C-4.  Analysis  of  findings 


The  data  sources  indioated  that  20  A- 10s  per  month  was  the  planned 
BPR.  The  House  Armed  Servloes  Coamittee  hearing  testimony  on  the  PY  7? 


I 

1 

1 

i 


S 

i 
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Budget  recorded  a  rate  of  20  A- 10s  per  aonth  et  e  deaign-to-oost  goal  for 

the  unit  flyaway  oost  of  $1.5  million  per  aircraft,  based  on  a  total 

procurement  of  600.  This  confirms  the  A3D  Cost  Library  data.  The  HASC 

record  also  stated  that  early  production  readiness  reviews  showed 

Fairchild  Republio  Corporation  (PRC)  might  have  had  difficulty  producing 

23 

at  the  20  per  aonth  rate;  however,  a  speoial  review  in  late  1974 

concluded  that  PRC  oould  have  produoed  at  that  rate  and  that  earlier 

deficiencies  had  been  oorreoted.  Another  review  in  September  1975,  this 

time  by  the  Air  Poroe,  concluded  a  rate  of  20  airoraft  per  aonth  was 

possible  and  that  PRC  oould  meet  the  RDTAB  and  production  delivery  dates 

29 

then  set  for  the  program.  The  first  aircraft  of  the  22  PY  75  production 
lot  was  delivered  in  November  1975. 

The  rate  of  20  airoraft  per  aonth  was  the  planned  procurement  rate 

for  the  program  until  the  PY  77  budget.  The  record  of  the  HASC  Hearing  on 

the  PY  77  Budget  states  that  there  was  a  program  budget  decision  to  out  the 

31 

maximum  rate  from  20  to  15  per  month  and  stretoh  out  the  program.  The 
reason  given  was  budget  constraints,  or,  in  other  words,  because  of  afford¬ 
ability  oonoerns.  The  PY  78  program  was  out  during  budget  preparation  from 

pA 

U.S.  Congress,  House,  Araed  Services  Committee,  Hearings  on  the 
Department  of  Defense  Authorization  for  Appropriations  for  Pisoal  Year 
1977.  94th  Cong.,  2nd  sess.,  197$,  p.  216.  j 

27  J 

Aeronautical  Systeas  Division,  "A-10  Cost  Management  Review,"  p.  3.  ; 

28  J 

U.S.  Congress,  House,  Araed  Servioes  Committee,  Hearings  on  the  j 

Department  of  Defense  Authorisation  for  Appropriations  for  Pisoal  Year 

1977.  94th  Cong.,  2nd  sess.,  1976,  p.  217. 

29Ibid.,  p.  217.  J 

30Ibid.,  p.  206.  1 

31 Ibid.,  p.  216  | 
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173  to  144,  or  a  rata  of  12  par  aonth  beoauae  of  affordability.  Again,  In 
PY  79  tha  quantity  was  out  from  162  to  144,  or  a  rate  of  12  par  aonth,  also 
beoauae  of  affordability.  Tha  prograa  produoad  at  this  raduoad  rata  of  12 
par  aonth  through  PY  80.  However,  the  12  par  aonth  rata  was  tha  leval  to 
whioh  the  production  line  was  faoilitlzed  and  therefore  represents  tha  BPR 
for  the  prograa.  The  rate  of  12  per  aonth  was  on  a  2-8-5  shift  basis,  l.e., 
2  shifts  of  8  hours  per  day  for  5  days  a  week.  The  reduotions  in  PY  81  and 
beyond  are  explained  under  Aotual  Procurement  Rate.  These  final  deoreases 
in  rate  were  again  oaused  by  affordability.  The  inoreased  procurement  oost 
to  the  total  prograa  due  to  these  deoreases  in  procurement  rate  was  reoord- 
ed  in  the  A-10  Cost  Management  Review  as  $43.8  million  J.n  PY  70  dollars 
($115.5  aillion  in  PY  83  dollars ).^2  This  figure  was  based  on  the  program 
that  had  an  PY  83  buy  of  20  airoraft.  The  PY  83  buy  was  cut  by  Congress. 
Thus,  one  of  the  years  at  the  very  low  rate  of  procurement  of  3  airoraft 
per  aonth  was  avoided. 

PRC  won  the  oontraot  for  the  T-46A  (Next  Generation  Trainer).  PRC 
plans  to  apply  lessons  learned  from  the  production  of  the  A-10  to  the  T-46A 
prograa.  The  trainer  program  oould  be  worth  between  $1.5  billion  to  $2 
billion  to  PRC  ultimately,  but  production  is  not  scheduled  to  begin  until 
1986.  The  loss  of  funding  for  the  A-10  in  the  PY  83  Budget  leaves  PRC  with 
little  production  base.  Porelgn  Military  Sales  (PMS)  oould  help  this 
situation,  but  none  have  been  ordered,  although  many  PMS  customers  have 
oonsidered  buying  the  A-10. 

§2 

Aeronautical  Systems  Division,  "A-10  Cost  Management  Review," 
Table  3,  p.  10. 


Looking  at  the  prograa  year  procurements  at  a  constant  BPR  of  12 
aircraft  per  month,  vioe  the  actual  program,  provides  the  quantity  differ¬ 
ences  shown  in  Table  C-3. 


Table  C-3.  A- 10  Procurement  Rates. 


PY  7? 

PY  76 

PY  7T 

PY  77 

PY  78 

PY  7? 

PY  80 

PY  81 

PY  82 

Total 

Actual 

Rate: 

22 

30 

43 

100 

144 

144 

144 

60 

20 

707 

BPR: 

22 

J° 

JJ 

100 

144 

144 

144 

80 

_0 

707 

Difference 

0 

0 

0 

0 

0 

0 

-20 

20 

0 

It  is  obvious  that  procurement  of  the  A- 10  at  the  BPR  would  have 
concluded  the  prograa  a  little  over  one  year  earlier  than  the  actual 
completion,  and  a  little  over  two  years  earlier  tnan  the  program  with  the 
FY  83  buy  (which  was  eliminated  by  Congress). 

The  total  procurement  cost  for  the  BPR  program  (Table  C-2)  in  PY  83 
constant  dollars  would  be  $2780.0  million,  and  in  current  dollars  would  be 
$1889.6  million.  The  total  procurement  oost  for  the  actual  program  in  PY 
83  oonstant  dollars  would  be  $2781.9  million,  and  in  ourrent  dollars  would 
bv  *1895.0  million.  Therefore,  the  savings  of  the  BPR  program  over  the 
actual  program  for  the  same  total  procurement  of  707  aircraft  in  PY  83 
oonstant  dollars  would  be  $1.9  million,  or,  in  ourrent  year  dollars,  $6.4 
million.  The  savings  are  insignifioant  in  PY  83  oonstant  dollars,  based  on 
the  analysis  using  the  Beuis  model. 

This  study  compared  the  oost  savings  (in  PY  83  oonstant  dollars)  that 
would  result  from  producing  at  the  BPR  versus  actual  rate  using  two 


C-13 


methods:  1)  the  Bemia  model  and  2)  the  C.B.  Smith  model.  This  study  also 
compared  results  with  the  A- 10  Cost  Management  Review  that  determined  the 
costs  that  were  attributed  to  the  reduction  in  rate.  The  results  were 
not  directly  oomparable  because  the  Bemis  and  C.H.  Smith  Models  were  based 
on  DD  Form  1558-4  PRC  manufacturing  costs  only,  and  the  A- 10  Cost  Manage* 
ment  Review  was  based  on  total  program  oosts  as  reoorded  in  the  SARs 
through  31  Deoember  1981.  Also  the  A-10  Cost  Management  Review  was  based 
on  a  program  with  an  FY  83  buy  and  the  Beads  and  C.H.  Smith  models  were 
based  on  a  program  with  PY  82  procurement.  An  attempt  was  made  to  estab¬ 
lish  a  common  baseline  by  comparing  airframe  oosts  taken  from  the  DD  Porm 
1558-4  and  the  Air  Poroe  Systems  Command's  (APSC)  Airoraft  Acquisition 
Program  Cost  Summary,  Part  II.  The  total  procurement  airframe  flyaway  oost 
recorded  in  the  APSC's  Airoraft  Acquisition  Program  Cost  Summary,  Part  II, 
as  of  3  Deoember  1981  in  current  year  dollars,  excluding  the  PY  83  buy,  was 
$3844.6  million.  This  is  the  closest  figure  to  manufacturing  airframe 
costs  available,  excluding  DD  Porm  1558-4  data.  The  airframe  manufactur¬ 
ing  oost  in  ourrent  year  dollars  based  on  DD  Porm  1558-4  data  was  $1896.0. 
Thus,  $3844.6  million  (total  procurement  flyaway  oost)  divided  by  $1896.0 
million  (airframe  manufacturing  oost)  results  in  a  faotor  of  two.  Multi¬ 
plying  this  factor  by  the  oost  savings  derived  from  the  Bemis  model  gives 
$3.8  million  (PY83  constant  dollars),  vioe  $1.9  million.  Multiplying  this 
faotor  by  the  oost  savings  from  the  C.H.  Smith  model  gives  $92.8  million, 
vioe  $46.4  million.  The  final  comparison  is  shown  in  Table  C-4. 
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Ibid.,  p.  10 


Table  C-4.  Coat  Attributed  To  Change  In  Rate. 

(Millions  of  PY  83  Constant  Dollars) 

Beois  Model  4.6* 

C.B.  Saith  Model  9?. 8* 

4-10  Cost  Management  Review  Data  115.5** 

*  Based  on  the  4-10  pro gras  through  PY82. 

**  Based  on  the  4-10  program  through  PY83>  Although  we  were 
unable  to  determine  the  oost  associated  with  a  year  of  produc¬ 
tion  at  3  aircraft  per  aonth,  had  the  PY  83  buy  been  allowed  by 
Congress,  we  conolude  that  the  $115.5  Million  would  be  reduced. 

Figure  C-1  shows  a  plot  of  Production  Rate  vs.  Cumulative  Quantity 
vs.  Unit  Cost.  The  slope  of  the  "rolling  ball”  line  is  important.  One 
line  is  drawn  from  the  origin  with  a  parallel  line  in  the  family  of  lines 
plotted  starting  at  a  rate  of  22  aircraft  per  aonth.  The  gradual  slope  of 
the  rolling  ball  plot  reflects  the  faot  that  cumulative  quantity  has  a 
greater  effect  on  unit  oost  than  rate  does.  The  path  of  the  rolling  ball 
outs  isocost  lines  perpendicularly.  Isocost  lines  are  drawn  at  $6.5,  $6, 
$5,  $4.5,  $4  and  $3*5  aillion.  The  aotual  4-10  program  is  plotted  from  PY 
75  through  PY  82  for  comparison. 

The  slope  of  the  rolling  ball  path  and  the  aotual  program  are  iden¬ 
tical  through  the  PY  76  program.  The  aotual  program  line  diverges  from  the 
rolling  ball  line  more  steeply  for  PY  7T  and  more  steeply  yet  for  PY  77. 
This  is  good  from  a  oost  standpoint.  Por  example,  for  PY  77  the  approxi¬ 
mate  unit  oost  of  200  airoraft  is  about  $4.1  aillion  in  the  aotual  program, 
versus  about  $4.25  million  on  the  rolling  ball  line.  The  aotual  program 
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procurement  rate  oontinues  to  inoreaee  at  a  slope  greater  than  the  rolling 
ball  line  slope.  The  slope  of  a  family  of  rolling  ball  lines  in  the  A- 
10  program,  based  on  the  equation  derived  from  the  historical  manufactur¬ 
ing  cost  of  the  aotual  program,  is  very  shallow.  This  means  the  effeot  of 
ohange  in  rate  is  relatively  less  important  than  the  effeot  of  cumulative 
quantity  for  this  program.  This  is  probably  oaused  by  the  fact  that  the 
rate  of  production  of  12  airoraft  per  month  was  the  facilitized  rate. 
Consequently,  if  the  government  for  some  reason  chose  to  extend  this  pro¬ 
gram  at  a  low  procurement  rate  to  keep  a  warm  base  (e.g.,  to  keep  the 
production  line  open  until  FMS  customers  materialize,  if  mobilization  is 
required,  or  to  keep  the  PRC  A- 10  production  team  together  until  T-46A 
procurement  begins),  the  slope  of  the  rolling  ball  path  indicates  this  is  a 

viable  alternative  for  this  program.  However,  the  analysis  shows  that  if 

>* 

the  rates  of  procurement  below  12  airoraft  per  month  continued  they  would 
result  in  unit  oost  increases. 

C-5.  Findings  and  Conclusions 

o  The  EPR  for  the  A-10  was  12  airoraft  per  month  on  a  2-8-5  shift 
basis.  PRC  was  faoilitized  at  this  rate. 

o  Budget  constraints  and  affordability  concerns  reduoed  the  pro¬ 
gram  from  a  planned  rate  of  20  airoraft  per  month  to  the  EPR. 
The  program  was  able  to  absorb  affordability  reduotions  without 
a  oost  impaot  beoause  the  level  of  faoilitization  was  consum¬ 
mate  with  the  rate  attained  (12  airoraft  per  month).  The  first 
out  was  from  a  planned  but  never  attained  rate  of  20  to  15 
airoraft  per  month.  The  next  out  was  from  15  to  12  airoraft  per 
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month,  whioh  was  the  faollitized  EPR  at  whioh  the  A-10  was 
manufactured  for  the  three  primary  produolng  years  of  the  pro¬ 
gram.  The  final  years  of  procurement  were  also  impaoted  by 
affordability  constraints  and  the  rate  was  reduoed  to  5*  and 
then  to  3  airoraft  per  month.  The  program  was  terminated  by 
Congress  without  an  PY  83  buy. 

The  equation  for  the  A- 10  program  shows  a  change  in  rate  being 
relatively  less  important  than  cumulative  quantity.  He  believe 
this  is  due  to  the  fact  that  the  program  was  faollitized  at  the 
lower  rate.  A  program  with  these  characteristics  is  one  for 
whioh  a  decision  to  stretoh  the  program  at  a  reduoed  procure¬ 
ment  rate  is  a  viable  alternative. 

Analysis  using  the  Bernis  model  shows  that  had  procurement  been 
completed  at  the  EPR,  versus  the  actual  rate,  there  would  have 
been  an  insignificant  savings  of  $1.9  million  (PY  83  dollars). 

Analysis  using  the  C.H.  Smith  model  shows  a  potential  savings 
of  fixed  overhead  cost  of  $93.8  million  (PY  83  dollars),  or  a 
little  over  3  peroent  of  the  total  program  manufacturing  costs 
expressed  in  PY  83  oonstant  dollars. 

Analysis  of  the  A-10  Cost  Management  Review  shows  a  cost  in¬ 
crease  to  the  program  due  to  rate  reduction  of  $115.5  million 
(PY  83  dollars),  or  a  little  over  4  peroent  of  the  total 
procurement  program  expressed  in  PY  83  oonstant  dollars.  This 


is  based  on  a  program  with  an  PY  83  buy.  This  figure  would  he 
reduoed  because  Congress  terminated  the  program  at  the  end  of 
PY  82. 

o  The  C.H.  Smith  model  shows  a  more  significant  oost  savings  than 
the  Beais  model.  The  oost  attributed  to  rate  ohanges  recorded 
in  the  A-10  Cost  Management  Review  would  probably  approximate 
those  of  the  C.H.  Smith  model  after  the  oost  savings  due  to  rate 
associated  with  the  PY  83  buy  (that  was  not  allowed  by  Congress) 
is  factored  in. 

o  The  C.H.  Smith  model  can  be  used  only  if  the  government  has 
access  to  fixed  overhead  data  from  the  contractor. 

o  There  is  no  apparent  potential  for  PMS  for  the  h- 10. 


C-19 


TOW  MI 331 LB  ANNEX 


D-1.  General  Background  and  Data  Sources 

TOW  (Tube  Launched,  Optically  Tracked ,  Wire  Command  Link  Guided  Mis¬ 
sile  System)  is  designed  to  fulfill  the  heavy  antitank  assault  weapon 
system  requirement.  TOW  is  used  primarily  to  destroy  formations  of  armored 
vehioles,  but  is  also  an  effective  assault  weapon  against  vehioles,  field 
fortifications,  and  emplacements.  TOW  has  a  4-man  crew  and  oan  be  fired 
either  from  a  ground  tripod  or  from  specifically  adapted  vehioles.  TOW  has 
also  been  designated  as  the  point  target  weapon  on  selected  helicopters. 

The  TOW  program  was  se looted  for  this  study  because  of  its  long 
procurement  history  and  the  relatively  large  total  procurement  quantity  at 
a  high  production  rate. 

The  procurement  and  missile  unit  cost  data  for  the  TOW  system  were 
taken  from  0DC3RDA  historical  reoords.  The  reoords  consisted  of  Congres¬ 
sional  Data  Sheets  and  budget  baokup  exhibits  (P-Forms)  for  the  FY  75 
through  FY  82  President's  Budgets.  Specific  exhibits  (P-Forms)  examined 
were  the  TOW  System  Program  Sunmaries ,  the  Budget  Item  Justification 
Sheets  (Exhibit  P-40),  Missile  Cost  Analysis  (Exhibit  P-12)  and  the  Pro¬ 
duction  Schedules  (Exhibit  P-21).  The  other  data  source  was  the  Researoh 
Development  Acquisition  Committee  (RDAC)  Procurement  Worksheet  dated  2 
April  1976.  They  provided  0.3.  Army,  U.S.  Marine  Corps  (USMC)  and  foreign 
military  sales  (FM3)  quantities  of  basic  TOW  mi&siles  procured  from  the 
beginning  of  the  program  through  the  FY  79  buy.  The  basio  TOW  missile, 
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hereafter  referred  to  as  the  TOW  I  alas lie,  inoludes  both  TOW  High  Energy 
Anti-Tank  (HEAT)  and  praotioe  missiles.  Their  unit  oost  is  derived  from 
the  annual  total  procurement  oost  of  the  missiles  (HEAT  and  praotioe) 
divided  by  the  quantity  of  U.S.  Army  missiles  to  be  prooured  in  that  PY. 
This  unit  oost  for  TOW  I  missiles  takes  into  consideration  the  eoonomies 
gained  through  total  sales  to  all  customers.  The  USMC  and  PMS  requirements 
signifioantly  inoreased  the  total  quantity  of  missiles  prooured. 

The  TOW  II  production  oost  estimate  was  based  on  TOW  I  production 

experienoe  and  faoilitization.  Much  of  the  TOW  II  missile  is  physioally 

the  same  as  the  TOW  I  missile.  The  only  major  improvements  are  a  larger 

warhead  configured  with  a  stand-off  probe,  and  an  improved  beaoon,  to 

improve  electro-optical  counter-oountermeasures .  Therefore.  TOW  I  missile 

production  experienoe  oan  be  applied  to  TOW  II.  John  N.  Cookerham  & 

34 

Associates,  Ino.  estimated  the  TOW  II  rate  ourve  slope  at  94  percent, 
based  on  TOW  II  oontraot  proposal  data.  This  correlates  well  with  our 
historical  data.  The  ODCSRDA  data  result  in  a  cumulative  quantity  oost 
Improvement  ourve  slope  of  9?  percent  and  a  rate  slope  of  95.5  percent. 

D-2.  Procurement  Rate 

Economic  Procurement  Rate.  The  planned  procurement  rate  for  the  TOW 
I  missile  as  recorded  in  Bxhibit  P-21  supporting  the  PY  75  President's 

M 

Walter  Batson,  John  M.  Cookerham  &  Associates ,  Ino..  interview  at 
MICOM,  Redstone  Arsenal,  Alabama,  7  and  8  October  1982. 


Budget  wee  projeoted  at  1500  per  month  from  November  1972  through  Ootober 
197 3 1  the  delivery  period  for  the  PY  72  TOW  I  program.  The  procurement 
rate  inoreased  from  1500  per  month  to  2000  per  month  during  the  delivery 
period  for  the  FY  73  program  from  November  1973  through  Ootober  1974.  TOW 
I  missile  procurement  was  soheduled  to  reaoh  the  faoilltized  and  planned 
Boonomio  Procurement  Rate  (EPR)  in  Maroh  1975  and  oontinue  at  that  BPR  of 
3450  missiles  thereafter.  The  TOW  I  missile  program  procurement  rates 
recorded  in  the  RDAC  Work  sheet  dated  2  April  1976  were: 

Minimum  Sustaining  Rate  e  1000  missiles/month. 

1- 8-5*  Faoilitized  Rate  a  1800  missiles/month. 

2- 8-5  Boonomio  Production  Rate  a  3500  missiles/month  or 

42,000  missiles /year. 

•1-8-5  means  1  shift  of  8  hours  per  day  for  5  days 
per  week.  This  may  inolude  a  second  shift  to 
augment  some  manufacturing  stations. 

The  total  production  rate  oapaoity  for  all  TOW  configurations  is 
3500  miss  lies /month.  TOW  II  only  is  2500  missiles/month  based  on 
ourrent  facilitisation  of  tools  and  test  equipment. 

Actual  Procurement  Rate.  TOW  I  missiles  were  procured  using  multi¬ 
year  Fixed  Price  with  Bsoalation  (PPB)  oontraots  renegotiated  annually. 
These  oontraots  had  options  that,  when  executed,  inoreased  the  quantities 
to  be  produoed.  They  provided  flexibility  to  meet  additional  U.S.  Army, 
USMC,  and  PMS  oustomer  requirements  and  at  the  same  time  kept  the  prooure 
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sent  rate  as  olose  to  the  BPR  as  possible.  Production  Schedule  (Exhibit  P- 
21)  dated  13  September  1976  shows  deliveries  fluctuating  near  the  3500 
aissile/aonth  rate  froa  1975  through  Maroh  1978,  vhioh  narks  the  end  of  the 
PT7T  deliveries  and  the  beginning  of  the  PY  77  delivery  period.  The  PY  77 
prograa  deliveries  were  at  rates  that  started  above,  but  dipped  below,  the 
ainiaua  sustaining  rate  recorded  in  the  RDAC  Worksheet  dated  2  April  1976. 
O.S.  Arny  prooureaent  was  for  only  5720  TOW  aissiles  in  PY77.  The  contrac¬ 
tor  had  to  rely  on  USMC  and  PMS  requireaents  to  keep  the  production  rate  at 
the  ainiaua  level.  The  Aray  oould  not  aake  up  its  mind  on  the  best  aeans  to 
satisfy  the  heavy  antitank  aissile  requireaents  in  response  to  an  increas¬ 
ing  enemy  armor  threat.  Alternatives  to  improve  TOW  I  performance  inoluded 
either  various  modifications  to  the  TOW  I  aissile  or  a  new  system  develop¬ 
ment.  The  modification  prograa  inoluded  considerable  development  tiae  and 
aoney,  but  oould  be  done  acre  quickly  than  the  development  of  a  new  systea. 
Also,  TOW  I  aissiles  were  needed  to  replaoe  those  expended  during  training. 
These  events,  augmented  with  PMS  requirements,  provided  some  justification 
fo~  maintaining  a  warm  production  base  for  the  TOW  I  aissile  until  TOW  II 
aissiles  oould  be  delivered. 

All  procurements  of  TOW  aissiles  beginning  with  PY  80  are  for 
improved  type  II  aissiles  that  would  defeat  the  advanced  armor  threat. 

The  production  line  for  TOW  II  is  similar  to  TOW  I;  however,  addi¬ 
tional  automation  and  aodified  tooling  was  added  to  Improve  production 
based  on  lessons  learned  and  to  support  the  new  aissile  design.^ 


^Ibid. 
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A ray  total  quantity  requiraaant  for  tha  TOW  II  missile  has  not  bean  deter- 
ained.  However,  plans  raoordad  in  the  Budget  Item  Justifioation  Sheet 
(Sxhibit  P-40)  in  support  of  the  PY  82  President's  Budget  dated  15 
Septeaber  1980  are  to  prooure  the  TOW  II  aissile,  to  satisfy  Army 
requireaents,  at  a  rate  of  1000  aiasiles  per  aonth.  The  TOW  prograa  offioe 
expects  suffioient  FMS  and  other  sales  to  inorease  the  rate  to  the  BPR  of 
3500  aissiles  per  aonth. 

0-3*  Findings 

Beals  aodel  results  for  the  TOW  aissile.  The  data  for  the  TOW  I 

aissile  was  input  to  the  Beais  aultiregression  aodel  after  conversion  of 

the  aissile  unit  oost  froa  current  to  PY  83  constant  dollars  (used  as  a 

baseline  for  this  research  study).  The  Beais  aodel  was  run  using  the 

methodology  explained  in  the  general  body  of  this  report  to  obtain  the 

following  equation:  yaSO.25  q"0,119®  r-0.0656^  The  BUitipie  correlation 

o 

factor  (r)  is  0.93  and  ooeffiolent  of  aultlple  determination  (R  )  is  0.865. 
This  means  that  86.5  percent  of  the  variation  of  the  unit  oost  is  explained 
by  the  variation  of  the  independent  variables  of  ouaulative  quantity  and 
rate  of  production.  Table  D-1  shows  the  actual  TOW  I  aissile  PY 
prooureaent  quantities  by  oustoaer  (PY  72  and  prior  through  PY  79 )» 
procurement  unit  oosts  by  PY  (ourrent  dollars),  and  the  prograa  quantities 
that  oould  have  been  produoed  at  the  BPR. 
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Table  D-1.  TOW  I  Prooureme nt. 


Prior 

PY  73 

PY  74 

PY  75 

PY  76 

PY  7T 

PY  77 

PY  78 

PY72 

Qtys* 

USA 

43635 

12000 

18000 

23860 

23813 

1922 

5720 

5720 

9600 

OSMC 

5425 

6319 

498 

890 

7331 

6541 

PMS 

6500 

9743 

10972 

25673 

10403 

7261 

7356 

24748 

7962 

USH 

1320 

GA« 

1388 

1397 

MAP*** 

1420 

Payback 

113 

Total 

50135 

21743 

34397 

55852 

34714 

10073 

”21527“ 

38397 

20392 

Missile**** 

Unit  Cost  5.91 

3.04 

3.190 

3-023 

3.304 

3-434 

4.181 

3.581 

4.292 

Program 
at  EPR 

Qty 

50135 

21743 

42000 

42000 

42000 

10500 

42000 

37152 

Notes:  Total  Missiles  procured  through  PY  79  *  287530 

*  Includes  HBAT  and  Praotioe  Missiles 
••  Government  Assistance  (GA) 

M*  Military  Assistanoe  Program  (MAP) 

••••  Unit  Cost  in  Thousands  of  Current  Year  Dollars 

C.H.  Smith  Model  Results.  We  did  not  have  fixed  oost  data  on  TOW  I 
needed  to  use  the  C.H.  Smith  Model. 

Cost  Comparison  Results  Por  The  TOW  I  Missile.  These  results  were 
obtained  using  the  Beals  sodel.  Table  D-2  shows  the  comparison  of  total 
procurement  oost  in  oonstant  and  current  year  dollars  for  the  program  at 
the  actual  and  EPR  rates: 
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Table  D-2.  TOW  I  Coats  (Aotual  vs.  BPR) . 

PY  70  PY  75  PY  76  FY  7T  PY  77  PY  78  PY  79  Total 


Aotual 

Program* 

Aotual 

Rate** 

21743 

34397 

55852 

34714 

10073 

21827 

38397 

20392 

287530*** 

Total 

Cost  : 

(Constant 
PY  83  ♦) 

151.8 

222.8 

333.7 

206.5 

64.1 

130.8 

218.3 

119.2 

1447.2 

(Current 

*) 

163.4 

256.2 

409.5 

271.2 

85.6 

190.3 

349.5 

211.1 

1936.8 

BPR 

Program* 

BPR** 

21743 

42000 

42000 

42000 

10500 

42000 

37152 

287530*** 

Total 

Cost  : 

(Constant 
PY  83  %) 

151.8 

267.2 

255.4 

247.2 

66.5 

239.6 

209.6 

1437.3 

(Current 

$) 

163.4 

307.4 

313.4 

324.6 

88.9 

348.8 

335.6 

1882.1 

*  All  dollars  are  In  Millions  (rounded  to  nearest  tenth  of  million) 
••  The  Aotual  and  BPR  quantities  and  rates  through  PY73  and  the 
build-up  period  are  the  same 
111  Inoludes  FY72  and  prior  quantity  of  50135 


D-4.  Analysis  of  Bindings 


The  data  indioate  the  U.S.  Army  purchased  144,270  TOW  missiles  or  50 
peroent  of  the  total,  the  USMC  purohased  28,324  TOW  I  missiles  or  10 
peroent,  and  foreign  oustomers  purohased  113*  936  TOM  I  missiles  or  40 
peroent  of  the  total  286,530  TOM  I  missiles  prooured  from  the  start  of  the 
program  through  PY  79.  Foreign  customers  accounted  for  23  peroent  of  the 
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total  procurement  in  FY  73  and  prior,  32  peroant  in  PY  74,  46  percent  in  PY 
75  ,  30  peroent  in  PY  76,  72  peroent  in  PY  7T,  34  percent  in  PY  77,  64 
percent  in  PY  78  and  46  peroent  in  PY  79*  The  TOW  I  missile  actual 
deliveries  to  all  customers  were  at  or  near  the  BPR  of  3500  missiles  per 
month.  This  was  because  of  PMS.  In  the  years  when  the  Army  was  marking 
time  considering  alternatives  for  improving  or  replacing  TOW  I,  the  PMS 
were  helpful  in  maintaining  a  warm  base  at  a  unit  oost  that  remained 
relatively  economical  for  the  Army  in  spite  of  the  Army*s  small  require¬ 
ment.  The  PMS  requirements  allowed  the  contractor  to  maintain  a  relatively 
stable  delivery  rate  of  around  3500  missiles  per  month  through  the  end  of 
the  FY  7T  delivery  period  on  31  March  1978.  A  comparison  of  the  program 
year  procurements  at  a  constant  BPR  of  42,000  missiles  per  year,  with  the 
actual  program,  provides  the  quantity  differences  shown  in  Table  D-3» 

Table  D-3.  TOW  I  Actual  Procurement  Rates  vs.  BPR. 


FY  74 

FY  7? 

FY  76 

PY  7T 

FY  77 

FY  78 

FY  79 

Actual  Rats: 

34397 

55852 

34714 

10073 

21827 

38397 

20392 

BPR: 

42000 

42000 

42000 

10500 

42000 

37152 

_ 0 

Difference 

-7603 

13852 

-7286 

-427 

-20173 

1245 

20392 

Notes: 

FY  73 

and  prior 

rates 

are  the 

same  because  both 

built  toward  the  same  BPR. 

The  BPR  allows  the  program  quantity  of  286530  to 
be  bought  out  in  PY  78  with  a  last  year  buy  of 
37152. 

A  comparison  of  the  PY  74  through  PY  7T  BPR  with  the  actual  program 
rates  shows  a  difference  of  only  1464  TOW  missiles.  PY  77  through  FY  79 
annual  quantities  fall  below  the  BPR  rate. 
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The  total  procurement  ooat  for  the  BPR  program  taken  from  Table  D-2 
In  PY  83  oonatant  dollars  is  $1437.3  million,  and  in  ourrent  dollars  is 
$1882.1  million.  The  total  procurement  oost  for  the  aotual  program  in  PY 
83  oonatant  dollars  is  $1447.2  million,  and  in  ourrent  dollars  is  $1936.8 
million.  Therefore,  the  savings  of  the  BPR  program  over  the  aotual  program 
for  the  same  number  of  total  TOW  missiles  in  PY  83  constant  dollars  is  $9.9 
million,  and  in  ourrent  year  dollars  is  $54.7  million.  Although  there  are 
savings  (less  than  1  peroent),  they  are  relatively  small  oompared  with  the 
total  program  procurement  oost  of  approximately  $1.5  billion  in  PY  83 
oonatant  dollars. 

Figure  D-1  is  a  plot  of  the  aotual  and  eoonomio  production  rates 
based  on  the  Bemis  theory.  The  path  of  the  rolling  ball  cuts  the  isooost 
lines  per pend ioularly.  Isooost  lines  are  drawn  at  $7,  $6.5,  $6,  $5.5  and 
$5  thousand.  The  aotual  program  moves  more  steeply  than  the  BPR  path  from 
the  $7  to  the  $6  thousand  isooost  lines.  In  PY  76,  the  rate  drops  below  the 
EPR  line.  As  desoribed  earlier,  the  PY  76  and  7T  delivery  periods  were  at 
the  EPR.  The  unit  oost  of  Just  under  $6  thousand  is  maintained  from  PY  75 
to  PY  77.  PY  78  shows  the  effeot  of  inoreased  rate  and  quantity  beoause  of 
FMS  increases  that  help  lower  the  unit  oost  to  approximately  $5.7  thousand 
per  missile.  The  unit  oost  inoreases  to  approximately  $5.8  thousand  in  PY 
79,  largely  beoause  of  a  decrease  in  rates.  The  U.S.  Army  requirements  for 
PY  77,  PY  78  and  PY  79  were,  respectively,  5720,  5720,  and  9600  missiles. 
The  laok  of  FMS  in  PY  77  and  79  deoreased  the  rate.  The  unit  oost  inorease 
is  predictable  with  these  ohanges. 
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Figure  D-l.  TOW  Missile  Production  Rate 

vs.  Cumulative  Quantity.  ■ 
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The  TOW  II  procurement,  a  product  improved  TOW  I  missile,  is  under¬ 
way.  The  Army  oan  request  procurement  funds  for  TOW  II  missiles  based  only 
on  Army  requirements.  The  FY84  Army  requirement  is  for  12,000  TOW  II 
missiles.  The  ourrent  USMC  requirement  is  for  1000  TOW  II  missiles/year. 
The  Army  PY85  requirement  is  18,000  TOW  II  missiles  and  increases  to 
20,000/year  through  FY  89.  Contract  options  have  been  negotiated  that  oan 
aooommodate  additional  Army  and  USMC  requirements  and  FMS.  FMS  interest  is 
high  and  approval  is  being  sought  to  sell  TOW  II  missiles  to  foreign 
countries.^ 

0-5.  Findings  and  Conclusions 

o  The  TOW  missile  program  for  all  oustomers  achieved  procurement 
at  the  EPR  through  the  end  of  the  three  month  fiscal  year  (FY 
7T)  delivery  period.  The  FY  77  through  79  program  years  had 
minimum  sustaining  TOW  missile  quantities  because  the  Army  did 
not  know  how  to  proceed  to  meet  the  increased  armor  threat 
requirements.  The  procurement  rates  for  FY  77-79  fell  far 
below  the  EPR  and  were  it  not  for  USMC  and  FMS  requirements, 
keeping  a  warm  production  base  would  have  been  impossible. 

o  The  aotual  TOW  missile  prooureir  *  was  maintained  at  the  EPR 
because  of  the  USMC  and  large  FMS  requirements  in  addition  to 


"  nZ 

3  TOW  Program  Office  Representative,  interview  at  the  Defense 
Systems  Management  College,  Ft.  Belvoir,  Virginia,  14  December  1982. 
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the  0.3.  Amy  requirements.  There  were  also  oontraot  options 
that  allowed  a  flexible  approaoh  for  inoluding  FMS  customer 
requirements  as  they  became  fira. 

o  The  total  procurement  oost  savings,  although  relatively  insig¬ 
nificant,  would  have  aoorued  from  maintaining  the  EPR  through¬ 
out  the  TOW  missile  program. 

o  There  are  many  considerations  in  addition  to  maintaining  the 
EPR  that  affect  the  quantity  and  rate  of  procurement.  Examples 
are  fielding  schedules,  support  equipment,  shelf  life  of  the 
missiles,  and  the  rate  of  procurement  and  fielding  of  other 
systems  upon  whioh  the  TOW  system  is  deployed. 

o  The  TOW  II  is  sufficiently  similar  to  the  TOW  I  missile,  so  that 
the  lessons  learned  from  TOW  missile  procurement  are  direotly 
applicable  to  the  TOW  II  program. 

o  The  TOW  II  missile  EPR  should  be  the  same  as  the  TOW  I  missile 
EPR;  that  is,  3500  missiles  per  month,  or  HP, 000  missiles  per 
year. 

o  Multiyear  contracting  is  being  pursued  with  the  TOW  II  system. 
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A-6B  AIRCRAFT  ANNSX 


E-1 .  General  Background  and  Data  Souroes 

The  A -6  Intruder  developed  by  Grumman  Aerospace  Corporation  is  an 
all-weather  attack  airoraft  whose  mission  is  the  destruction  of  enemy  sea 
and  land  targets  with  conventional  or  nuolear  weapons  without  visual 
reference  to  the  targets.  The  A-6B  series  is  a  ouch  improved  version  that 
began  production  in  1970.  This  series  ia  equipped  with  an  inertial 
navigation  system  and  a  muoh  improved  radar,  which  provide  a  more  acourate 
bombing  system.  Current  versions  are  equipped  with  the  eleotro-optioal 
Target  Recognition  Attaok  Multisensor  (TRAM),  whioh  includes  a  forward- 
looking  infrared  receiver  (PLIR),  a  laser  designator,  and  a  laser  ranger. 

The  A-6  went  into  production  in  1959.  By  1969,  488  units  were 
delivered.  The  A-6B  series  was  begun  in  1970,  and  153  units  have  been 
produced.  Projections  are  for  6  a  year  until  1987,  when  production  will 
cease;  however,  no  replacement  aircraft  is  yet  planned. 

Quantities  of  airoraft  and  unit  oost  data  were  received  from  the  Naval 
Air  Systems  Command  (NAVAIR)  Program  Offioe  (PMA-234)  and  from  the  Cost 
Analysis  Division  (NAVAIR-524) .  There  are  slight  differences  in  the  two 


sets  of  data 


E-2.  Produotlon  Rats 


Boonomlo  Procurement  Rate 

The  eoonoalo  procure  sent  rate  (EPR)  for  the  A-6B  is  given  by  the 

manufacturer  as  36  to  48  aircraft  per  year,  and  24  units  for  the  BA-&B, 

3? 

with  whioh  the  A -6  shares  the  produotion  line.  Together,  then,  the  two 

planes  would  have  a  oombined  EPR  of  60  to  72  units  per  year;  however,  this 

is  also  dependent  cn  the  rate  for  the  P-14,  whioh  is  parallel  to  the  A- 

6B/SA-6B  produotion  line.  The  upper  limit  of  48  for  the  A-6B  is  also 

constrained  by  the  A-6B  TRAM  Detecting  and  Ranging  System  (DRS)  avionios, 

whioh  is  developed  by  Hughes  Airoraft.  Hughes  oannot  build  more  than  4 

units  per  month,  unless  additional  tooling  is  provided. 3  The  main  landing 

gear  is  another  constraint.  The  maximum  A-6/BA-6  main  landing  gear 

oylinder  casting/maohinery  rate  is  a  funotion  of  the  overall  DOD  airoraft 

39 

procurement  rate,  sinoe  there  are  only  two  or  three  oompanies  available. 

NAVAIR  is  keeping  the  produotion  line  open  in  order  to  replace 

airoraft  lost  through  attrition  (until  an  all-weather  replacement  airoraft 

is  identified),  and  to  provide  an  umbrella  over  the  TRAM  MOD  and  re-wing 

programs.  Nevertheless,  NAVAIR  reoognizes  that  keeping  the  produotion 

40 

line  open  "is  not  optimum  from  a  unit  oost  standpoint." 


37 

J  Naval  Air  Systems  Command ,  "Uneoonoaio  Produotion 
Washington,  DC;  AIR-8012;STS,  22  May  1981,  enolosure  2,  p.  1. 

38Ibid,,  p.  1. 

39Ibid.,  p.  1. 

40 

Ibid.,  p.  1. 
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Aotual  Produo t Ion  Rates 


Qruaaan  Aerospaoe  Corporation  designed ,  developed,  and  has  manuf¬ 
actured  tha  A-6  sinoa  1959.  The  A-6A  was  produoed  from  1959  to  1969. 
Production  of  tha  A-6B  began  in  1970  and  is  expected  to  oontinue  until 
1987.  Aotual  rates  are  shown  in  Table  B-1. 


Table  B-1.  A-6  Yearly  Procurement  Quantities. 


A-6A  A-6B 


1959 

8 

1970 

12 

1961 

12 

1971 

12 

1962 

24 

1972 

12 

1963 

43 

1973 

21 

1964 

48 

'974 

13 

1965 

64 

1975 

12 

1966 

112 

1976 

11 

1967 

63 

1977 

6 

1968 

78 

1978 

12 

1969 

J6 

1979 

12 

485 

1980 

6 

1981 

12 

1982 

12 

153 

A  total  of  641  A-6A  and  A-6B  airoraft  have  been  procured,  future 
rates  of  A-6E  production  are  projected  at  6  per  year  until  1987.  There 
were  unnecessary  breaks  in  A-6E  production  in  1977  and  in  1980,  both  of 
which  oauseo  discontinuity  and  resulted  in  significant  increases  in  unit 
cost  after  production  was  resuaed. 


B-3*  findings 

Regression  analysis  was  used  to  develop  equations  relating  the  A-6's 
oosts,  production  rates,  and  ouaulative  quantity.  The  equation  for  the 
production  of  only  the  A-6A  is: 
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The  coefficient  of  multiple  oorrelation  (p)  to  .962.  Tho  oooffioiont 
of  aultiplo  dotoralnotlon  (R2)  is  .925.  This  moans  that  92.51  of  tho 
variation  f.n  unit  ooet  for  tho  A-6 A  is  explained  by  variation  of  tho 
indopondont  variablos  of  ouaulativo  quantity  and  rata  of  produotion.  Tho 
oxponont  for  ouaulativo  quantity  (-0.32A1)  oquatos  to  an  iaprovoasnt  ourvo 
slopo  of  79.8$.  This  aoans  that  ovary  tiao  tho  A-6A  ouaulativo  quantity 
doubled,  tho  unit  ooat  dooroasod  by  20.26.  Tho  oxponont  for  tho  rata  of 
produotion  (-0.2320)  oquatos  to  a  slopo  of  85.26. 

Tho  A-6E  unit  oosta  followed  a  typioal  "sawtooth*  pattern  oausod  by 
tho  two  produotion  brooks.  A  nodal  was  developod  as  shown  in  Figure  B-1. 


Figure  B-1.  Throe -Dimensional  Nodal  Showing  Unit  Cost 
Changes  Due  To  Production  Breaks. 

Tho  rata  and  quantity  exponents  wore  determined  froa  tho  unit  oosts  during 
tho  FT  70  through  FT  76.  Tho  oooffioiont  or  "priao"  unit  ooat  (comparable 
to  first  unit  ooat  on  an  improvement  ourvo)  was  derived  froa  FT  82  data. 
Tho  resulting  equation  (in  FT  83  dollars)  for  tho  A-6K  is: 


uc  *  31.9633  q“°,W13 


(FT  83  I) 


The  ooefflolent  of  aultlple  correlation  (r)  la  ,915.  Tha  ooefflolent 
of  aultlple  determination  (R2)  la  .83T.  Tha  exponent  for  ouaulatlve  quant¬ 
ity  (-0.0913)  aquataa  to  a  93.91  A-6E  laprovsmant  ourvf  alopa.  Tha 
exponent  for  tha  rata  of  production  ourve  (-0.2922)  aquataa  to  a  alopa  of 
89.5*. 

Tha  unit  ooata  and  yearly  prooureaent  quantities  ara  shown  In  Table 

B-2. 


Table  S-2.  A-6A  Produotlon  Quantities  and  Coats. 
(k  in  Millions) 


Yearly 

fiu&atitx 

Onit  Coat 
(FT  83  dollars) 

1959 

63.173 

1961 

12 

19.389 

1962 

29 

19.791 

1963 

93 

9.769 

1969 

98 

8.795 

1965 

69 

7.939 

1966 

112 

6.819 

1967 

63 

6.935 

1968 

78 

6.575 

1969 

36 

6.833 

Tha  ooata  and  quantities  of  tha  actual  past  and  projeoted  A-6B  pro¬ 
duotlon  ara  shown  on  tha  left  of  Table  B-3.  If  tha  program  ware  procured 
at  tha  eoonoalo  produotlon  rata  of  98  aircraft  par  year,  than  tha  oosts 
would  be  those  shown  on  tha  right.  As  can  be  seen  in  tha  table,  tha  entire 
protran  would  have  bean  procured  by  1973. 
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Ttbl«  1-3,  A-6S  Pratuetlafe  ftaaptltUs  and  Costs, 
(4  in  Mllllooa) 


astval  jw.pmjktip _ bi 


YSAALY 

ouimtitt 

OMIT 

COSTS 

_  (FI  83  8) 

TOTAL 
(FI  83  8J 

XKARLI 

QOAITITT 

OMIT 
COSTS 
(FI  838) 

TOTAL 
(FI  83  8) 

1970 

12 

10.492 

125.901 

48 

8.154* 

391.331* 

1971 

12 

9.618 

115.418 

48 

7.153* 

343.340* 

1972 

12 

9.415 

112.979 

48 

6.817* 

327.289* 

1973 

21 

7.914 

166.190 

39 

6.969* 

271.730* 

1974 

13 

6.909 

89.811 

••1975 

12 

8.397 

100.763 

1976 

11 

8.838 

97.213 

1977 

6 

12.163 

72.978 

1978 

12 

8.947 

107.368 

1979 

12 

9.295 

111.544 

••1980 

gaaa 

13.882 

83.292 

1981 

12 

11.802 

141.623 

1982 

12 

11.111 

133.333 

1983 

6 

11.010* 

66.060* 

1984 

6 

10.973* 

65.838* 

1985 

6 

10.936* 

65.616* 

1986 

6 

10.901* 

65.406* 

1987 

6 

10.868* 

_ 65.208* 

Totals 

183 

81,786.541 

183 

81,333.690 

*  Dnrivad  using  PKSO's  "POM  84"  nodal. 

••  .'lajor  oonfiguraMon  obsnga. 

•••  Latest  flguras  indioata  8  alroraft  will  ba  proourad  In  FT  83.  This 
would  inoraass  savings  approximately  |8M  (2  x  11.010  -  2  x  6.969). 

*-*•  totlysls  of  Findings 


Tabla  8-4  ooaparas  tha  A -61  slopas  for  rate  and  ousulativa  quantity 
(laprovamsnt)  ounraa  with  tboaa  for  tha  1-68. 


Tl9i9.M.r  M  latMUSBL  99TT9  asMfa 


1-68 


8-6 


1-61 


Q 

i 


T9. 89 
85.29 


Q  93.99 
I  84.59 


If  th«  cumulative  Quantity  faotor  "Q"  la  a  funotion  of  variable  ooata 
and  the  rata  faotor  ”ft*  la  a  funotion  of  fixed  ooata  (aaa  Saotlon  3*3).  tha 
flfuraa  in  Table  M  imply  that  tha  flxad  ooata  for  tha  two  ayataaa  have 
remained  approximately  tha  aaaa.  Unit  ooata  for  tha  A-68  would  than  have 
rlaan  aa  tha  yaarly  procurement  quantity  daoraaaad.  Thia  la  aupportad  by 
Figure  1-2,  whioh  graphically  displays  tha  dramatlo  raduotlon  In  tha  A- 68 
production  rata. 

A  plot  of  tha  A-68  laoooat  linaa  is  shown  in  Figure  8-3*  It  is 
apparent  tost  tha  airoraft  oould  hava  baan  proourad  at  a  auoh  raduoad  oost 
if  it  had  baan  proourad  at  a  higher  rata. 

If  the  A-68  had  baan  proourad  at  a  rata  of  A8  par  year,  all  163  units 
would  have  baan  produced  in  3ft  years  with  an  approximate  savings  of  6*6 1H 
(FT  83). 
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A-6E  AIRCRAFT 


:tion  rate 

FIGURE  E  3  A  6E  PRODUCTION  RATES  VS.  CUMULATIVE  QUANTITY 


Figure  8-3  shows  a  dashed  line  that  is  perpendicular  to  the  isooost 
lines.  This  is  the  "rolling  ball"  path  for  the  A- 68.  A  build  up  at  that 
rate  would  have  been  a  oost  effioient  path  to  the  BPR  of  48  units/year. 

The  isooost  lines  indicate  that  the  unit  costs  at  the  BPR  would  have 
been  substantially  less  than  the  aotual  costs. 

B-5.  Arguments  For  Low  Rate  A-6B  Production 

Among  the  arguments  offered  for  having  stretohed  out  the  A-6B  produc¬ 
tion  are: 

1.  It  was  more  economical  to  modify  existing  aircraft  on  the  pro¬ 
duction  line  than  off.  The  government  program  office  estimates 
that  these  savings  outweigh  the  savings  that  would  have  been 
achieved  by  a  production  rate  of  48  per  year. 

2.  It  is  neoessary  to  maintain  a  warm  base  until  production  begins 
on  a  follow-on  all  weather  attack  aircraft. 

B-6.  Conclusions 

o  Had  the  total  number  of  airoraft  needed  been  known  in  1970,  the 
A-6B  oosts  oould  have  been  reduoed  by  more  than  $460  million  (FT 
83  dollars)  by  produo ing  at  the  BPR. 
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Available  data  suggest  that  oosts  can  be  reduoed  by  as  auoh  as 
$75  million  (PY  83  dollars)  by  producing  the  remaining  planned 
24  A-6S  airoraft  (PY  84-87)  in  one  year. 

Unit  oosts  oan  be  reduoed  by  eliminating  some  fixed  overhead 
oosts  through  selling  or  reallocating  exoess  industrial 


resouroes . 
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